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1.0 INTRODUCTION 
This Final Design Report has been prepared for the Pemaco Superfund Site (Pemaco Site) in 
Maywood, California. The report was prepared by TN & Associates (TN&A) in accordance with 
the following documents: 

• Record of Decision for the Pemaco Superfund Site (ROD) (USEPA, 2005) 

• Statement of Work (TN&A, 2000) 

• Remedial Design/Remedial Action (RD/RA) Handbook (USEPA, 1995) 

This work was conducted under the authority of the Comprehensive Environmental Response, 
Compensation and Liability Act (CERCLA, also known as "Superfund") as amended by the 
Superfund Amendments and Reauthorization Act (SARA) and the CERCLA regulations 
published in the National Oil and Hazardous Substances Pollution Contingency Plan (NCP). 
TN&A conducted this work under contracts issued by the U.S. Army Corps of Engineers 
(USACE), Omaha District; for the USEPA, Region IX (USEPA). 

1.1 PURPOSE AND SCOPE OF WORK 

The purpose of this report is to present justification for design plans and specifications for the 
installation and implementation of soil and groundwater treatment systems at the Pemaco 
Superfund Site located in Maywood, California. 

The Final Design includes: 

• The Design Report (as Volume I, Tables, Figures, Appendices B - F) 

• The Design Specifications (as Volume II, Appendix A) 

• Final Design Drawings 

Selected remedial actions for the Pemaco Site were presented in the ROD dated January 13, 
2005. The State of California concurs with the selected remedy as documented by 
correspondence from the Department of Toxic Substances Control (DTSC) dated April 16, 
2004. 

1.2 PROJECT BACKGROUND 

The Pemaco Site is comprised of 1.4 acres located in a mixed industrial and residential 
neighborhood in Maywood, Los Angeles County, California. Drawing G-1 is the Title Sheet of 
the design drawings package and shows the Site location and vicinity maps. The Facility 
formally operated as a custom chemical blender during the 1950s until 1991. A wide variety of 
chemicals were used and stored on site including chlorinated and aromatic solvents, flammable 
liquids, oils and specialty chemicals. These chemicals were stored in drums, aboveground 
storage tanks (ASTs) and underground storage tanks (USTs). In 1991 the facility was 
abandoned by its owner. Remaining stored chemicals in drums and storage tanks (USTs) were 
removed by the USEPA between 1992 and 1998. 

Environmental assessments performed between 1990 and 1999 identified soil and groundwater 
contamination that originated from the blending and storage of chemicals at the Site. A soil 
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vapor extraction (SVE) system was installed as an interim treatment measure in 1998 and 
operated until 1999, when it was shut down due to community concerns with emissions from the 
thermal oxidation unit used to treat the extracted vapors. 

The USEPA enlisted the Pemaco Site into the Superfund program in 1999, and TN&A 
performed a full-scale Remedial Investigation (Rl) between January 2001 and November 2001. 
TN&A conducted treatability tests including aquifer testing in December 2001 and a high 
vacuum dual phase extraction pilot test in December 2002. Additional "source" area evaluation 
was performed in September 2003 via membrane interface probe. The ROD for the soil vapor 
and groundwater systems was finalized in January 2005. Groundwater monitoring, "data gap" 
investigations, and pilot-scale activities for the evaluation of remedial technologies have been in 
progress for the Pemaco Site since May 2001. 

The City of Maywood, in conjunction with the Trust for Public Land, is developing the Site and 
adjacent properties to build the Maywood Riverfront Park ("the Park"), a public recreational park. 
Future remedial activities at the Site and adjacent properties will be integrated with the 
existence of this park. 

T N & Associates, Inc. 
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2.0 SITE DESCRIPTION 
The Pemaco Site is adjacent to a residential neighborhood, a residential park and light industrial 
area immediately to the south. A heavy industrial area is located immediately to the north of the 
Site and an abandoned industrial property lies to the west of the Site. The concrete-lined Los 
Angeles River is on the eastern border of the Site. 

The Site layout, location of the Los Angeles River, adjacent roads and properties, existing 
extraction and monitoring wells, and the contaminant plumes to be treated are shown on 
Drawing C-1. Grading activities for the Park have begun so the topography is currently in flux. 
The proposed grades and surface improvements for the Park are shown,in Drawing C-2. 

2.1 SURVEY DATUM 

Site survey horizontal control is referenced to the California Coordinate System (CCS), North 
American Datum 1983 (NAD83). Benchmarks (vertical control) in the site vicinity are referenced 
to the North American Vertical Datum 1988 (NAVD88). Several control point locations have 
been established for the Park construction which will be adopted for the remedial action 
provided that vertical control is established to an accuracy of 0.01 feet and horizontal is 
established to an accuracy of 0.1 feet. Additional control points meeting the accuracy 
requirement are as follows: 

The horizontal bench marker [DY9343, CCS Zone 5, NAD83], is located in the City of South 
Gate, California, approximately 0.3 miles west of the Los Angeles River and within the Union 
Pacific Railroad Right-of-Way. To reach the station from the intersection of the 710 Freeway 
with Firestone Boulevard, go westerly along Firestone Boulevard 0.4 miles. The monument is a 
stainless steel rod mark; the rim of the cover is stamped "CADT 07-CI HPGN-D 1992". The 
vertical bench marker (CY 855, under the Los Angeles County Department Survey Section) is 
located on Slauson Avenue (on the Los Angeles River Bridge) within the City of Maywood, 
California. 

2.2 EXISTING MONITORING WELL NETWORK 

The existing groundwater monitoring well network in the vicinity of the Pemaco Site is shown on 
Drawing C-1. Well construction details are provided on Tables 2-1 and 2-2 for the Perched Zone 
wells and Exposition Aquifer wells, respectively. 

2.3 GEOLOGICAL AND HYDROGEOLOGIC SETTINGS 

2.3.1 Regional Geology/Hydrogeoiogy 

The Los Angeles-Orange County coastal plain is a structural basin formed by folding of the 
consolidated sedimentary, igneous and metamorphic rocks that underlie the basin at great 
depths. Primary geologic/hydrogeologic units in the area, from youngest to oldest include: 

• Recent Alluvium - Primarily unconsolidated braided-river and floodplain deposits. These 
deposits comprise the uppermost 30 to 40 feet of soil/sediment in the immediate area. 

T N & Associates, Inc. 
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• Pleistocene Lakewood Formation, including the Exposition and Gage/Gardena Aquifers 
- Consisting of braided river and floodplain deposits. In the Pemaco area, sediments of 
the Lakewood Formation generally comprise the stratigraphic interval between about 35 
and 200 feet bgs. Saturated intervals of the Lakewood Formation within the study area 
that are stratigraphically equivalent to the Exposition Aquifer do not meet the strict 
definition of an aquifer because they are not capable of yielding economically significant 
quantities of water. The Gage/Gardena Aquifer is assumed to be located between 180 
and 200 feet bgs in the site vicinity, but this has not been confirmed. The deepest 
borehole drilled during the Rl activities went to 183 feet bgs. 

• Lower Pleistocene San Pedro Formation, including the Hollydale, Jefferson, Lynwood 
and Silverado Aquifers - A variety of lithosomes deposited in both marine and non-
marine environments. In the Pemaco area of the Central Groundwater Basin, the 
stratigraphic top of the San Pedro Formation is generally placed at the base of the 
Gage/Gardena Aquifer (basal Lakewood Formation), estimated to occur at 
approximately 200 feet bgs. The uppermost unit of the San Pedro Formation is a 50- to 
75-foot thick fine-grained lithesome, generally regarded as an aquitard. The Hollydale 
and Jefferson aquifers are the upper aquifers in the San Pedro Formation and may be 
present below the Pemaco Site, with the top of the uppermost coarse-grained unit 
occurring somewhere between 250 and 325 feet bgs. 

The aquifers mentioned above are all used for both municipal and industrial purposes in various 
parts of the Central Basin. In the Pemaco area, screened/perforated intervals in nearby 
production wells begin in the San Pedro Formation Aquifers, usually at depths of 350 feet bgs or 
deeper. The closest active well is approximately Vi mile south of the Site (screen interval begins 
at 610 feet bgs), one of the two wells owned and operated by Mutual Maywood Water Company 
No. 3. The shallowest production well within one mile of the Site is screened starting at 350 feet 
bgs within the uppermost aquifer of the San Pedro Formation (the Jefferson Aquifer). In general, 
the groundwater flow direction in the aquifers is southwest, towards the coast. 

2.3.2 Geology/Hydrogeology of the Study Area 

Geologic cross section A-A' (Figure 2-1) illustrates the Site's geology and hydrogeology as 
encountered in continuously-cored borings drilled during RI/FS activities (boring logs are 
provided as an attachment to Appendix A, Section 01115 - Site Description). To describe the 
stratigraphy and lithologic units underlying the site vicinity, the following nomenclature was 
adopted and will be used throughout the document as they relate to analytical results and 
remedial actions associated with the Site: 

• Surface and Near-surface Soil; 

• Upper Vadose Zone; 

• Lower Vadose Zone; 

• Perched Groundwater Zone; and 

• Exposition Aquifer Zones A ' through 'E' . 
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Site stratigraphy is summarized in Table 2-3 and may be used in conjunction with the discussion 
of each zone below. 

2.3.2.1 Surface and Near-surface Soil 

Surficial fill in the area varies in thickness from 2 to 6 feet and is typically comprised of dark 
yellowish brown silty sands and local gravelly sands or clayey gravels. 

2.3.2.2 Upper Vadose Zone 

For purposes of this report, the upper vadose zone includes the upper vadose zone sands and 
the perching clay. The saturated zone above the perching clay (perched groundwater zone) is 
discussed in Section 2.3.2.4. 

Upper Vadose Zone Sands 

Typical depth of the upper vadose zone is between 2 to 25 feet below ground surface (bgs). 
These native soils are predominately light olive gray to dark yellowish brown laminated to 
moderately bedded fine silty sands ranging from 1 to 20 feet in thickness interbedded with pale 
yellowish brown to light olive gray lenses of laminated to poorly bedded poorly graded sands 
and fine poorly graded sands with silt which are 2-inches to 6-feet thick. Local discontinuous 
lenses of olive gray sandy silt and lean clay lenses ranging from 3 inches to 4 feet thick are also 
present within the upper vadose zone sand. 

Perching Clay 

Typical depth of the perching clay is between 28 to 40 feet bgs. The top of this unit is comprised 
of silty lean and fat clays ranging from 1 to 15 feet in thickness, which are underlain and 
interbedded with olive gray to moderate yellowish brown clayey and sandy silts ranging from 1 
to 8 feet in thickness. The perching clay and associated clayey silts comprise the fine-grained 
lithesome that ranges from 10 to 20 feet in total thickness. Local unsaturated silty sand and 
sands with silt lenses are found within the lithesome. 

2.3.2.3 Lower Vadose Zone 

Lower Vadose Zone Sand 

The lower vadose zone sand is typically found between 40 to 50 feet bgs. It is predominately 
fine- to medium-grained, unsaturated, poorly graded sands and gravelly well-graded sands 
derived from granitic source rocks. The zone typically coarsens downward with poorly bedded 
gravelly basal units. The lower vadose zone sands are usually 1- to 14-foot thick with local 
intervals of silty sands and poorly graded sands with silt which are 6-inches to 3-foot thick. Local 
interbeds of silt lenses are 6-inches to 4-foot thick within this unit. The lower vadose zone sand 
appears to be continuous throughout the area as it was encountered in every boring completed 
in the site vicinity except in the area adjacent to MW 12 (Alamo and 60th Street) where it 
appears to pinch out locally. The thickest local sequences are found along District Blvd. and in 
the area underlying 60th Street between Walker Ave. and District Boulevard. Fine silty sands 
comprise the unit in locations where the interval is less than 3 feet thick. 
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Lower Vadose Zone Fine-Grained Unit 

Typical depth of the lower vadose. zone fine-grained unit is between 50 to 65 feet bgs. It is 
comprised of sandy and clayey silts ranging from 7 to 20 feet in thickness interbedded with lean 
and fat clays ranging from 6 inches to 5 feet in thickness. Local discontinuous lenses of 
unsaturated poorly graded sands and silty sands are 0.5- to 2-foot thick within this interval. The 
thickest areas of the unit are predominately silt. Localized abundant organic material can also 
be found throughout the interval. 

2.3.2.4 Perched Zone 

The perched groundwater zone is typically found between 25 and 40 feet bgs within the study 
area. Groundwater in the perched zone occurs in semi-continuous and discontinuous lenses of 
poorly graded sand, silty sand, and sandy silt. These lenses are located at different depths 
ranging from 20 and 40 feet bgs and 5 inches to 5 feet in thickness. The geometry of the 
perched zone is controlled by the highly irregular and undulating top surface of the underlying, 
laterally extensive perching clay (described above in Section 2.3.2.2). Measurements of depths 
to groundwater in the perched zone in the Pemaco site vicinity have ranged from 18.48 feet bgs 
(B-31, April 2001) to 39.31 feet bgs (B-17, May 2001) since measurements began in September 
2000. Groundwater fluctuations of greater than 5 feet have been observed since routine 
gauging started. Forty-two monitoring wells are currently installed within the perched 
groundwater zone. 

The complex hydrogeology of the perched zone causes highly variable groundwater gradients. 
The overall general component of apparent groundwater flow in the perched zone is towards the 
southwest, but there are many localized areas that indicate that the apparent groundwater flow 
is in multiple directions. 

The perched zone can be characterized by low transmissivities and very limited yield. This is not 
a viable aquifer. 

2.3.2.5 Exposition Aquifer Zones 'A' - 'E' 

Beneath the perched groundwater zone, there are five distinct saturated intervals present within 
the study area that are typically found between 65 and 175 feet bgs that are separated by 
silt/clay intervals. These saturated zones do not comprise a viable aquifer, as the groundwater 
yield does not produce economically significant quantities of water to local production wells. 
However, as these zones are stratigraphically equivalent with the more regional Exposition 
Aquifer, they have been have been informally named the Exposition 'A' through 'E' Zones. 
Thirty-six monitoring wells are currently installed within the five Exposition groundwater zones. 

Exposition 'A'Zone 

The first saturated zone encountered below the perched zone is the 'A' Zone, typically found 
between 65 and 75 feet bgs. It is comprised of fine silty and poorly graded sands locally 
interbedded with well-graded sands. The thickness of this zone is highly variable ranging from 3 
inches to 10 feet in thickness. This interval can be characterized as a series of semi-
discontinuous saturated sand lenses. 
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Potentiometric surface measurements in the semi-confined Exposition 'A' Zone have ranged 
from 52.52 feet bgs (MW-7-75, July 2003) to 64.27 feet bgs (MW-20-70, October 2003), and 
groundwater fluctuations of up to 7 feet have been observed in the 'A' Zone since 
measurements began in May 2001. Groundwater gradient of the Exposition 'A' Zone has 
typically ranged from 0.0035 to 0.011 feet per feet (feet/feet). Apparent groundwater flow 
directions have been consistently towards the southwest and south-southwest. 

Exposition 'B'Zone 

The 'B' Zone is the second saturated zone below the perching layer and is typically found 
between 80 and 90 feet bgs. It is comprised of fine silty sands, poorly graded sands and poorly 
graded sands with silt ranging from 1.5 to 10 feet in thickness. The fine-grained silty sands are 
typically light olive gray mottled with moderate yellowish brown or moderate olive brown. Some 
of the thicker portions of the unit have 4-foot-thick interbeds of silt/clay. The 'B' Zone is 
continuous throughout the site vicinity, except in the area along District Blvd., south of 60th 
Street, where it pinches out. 

A secondary saturated silty sand lens located between 90 and 92 feet bgs was consistently 
observed during the coring of borings MW-16 through MW-18 and RW-01 located in the 
southernmost portion of the Pemaco Site. This secondary lens is isolated from the 'B' Zone 
described above by an overlying interval of fat clay ranging in thickness from 1 to 3 feet. Well 
MW-17-95 was screened solely in this zone for aquifer test purposes. This zone was informally 
named the 'B2' Zone. The 'B2' lens was not encountered in any of the offsite borings that were 
cored below 90 feet bgs. 

Potentiometric surface measurements in the confined Exposition 'B' Zone have ranged from 
57.71 feet bgs (MW-13-85, May 2001) to 72.40 feet bgs (MW-17-95, October 2002), and 
groundwater fluctuations of more than 4 feet have been observed in the 'B' Zone since 
measurements began in May 2001. Groundwater gradient of the Exposition 'B' Zone has 
typically ranged from 0.0057 to 0.0092 feet/feet. Apparent groundwater flow directions have 
been consistently towards the southwest. 

The 'B' Zone is more uniform and laterally continuous than the 'A' Zone. These two zones are 
the predominant zones of concern and together are informally named the Upper Exposition 
Aquifer. 

Exposition 'C Zone 

The ' C Zone is typically found between 100 and 105 feet bgs. It is comprised of saturated dark 
greenish gray fine silty sands, poorly graded sands and poorly graded sands with silt ranging 
from 2 to 6 feet in thickness. It appears to be continuous throughout the site vicinity within the 
95 to 110 feet depth interval. 

Potentiometric surface measurements in the Exposition ' C Zone have ranged from 87.31 feet 
bgs (MW-1-100, October 2003) to 97.56 feet bgs (MW-25-110, October 2003), and groundwater 
fluctuations of more then 4 feet have been observed in the ' C Zone since measurements 
began. Groundwater gradients of the Exposition C Zone have been calculated to be 0.0016 
feet/feet. Inferred groundwater flow directions have generally been towards south. 
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Exposition 'D' Zone 

The 'D' Zone is typically found between 125 and 145 feet bgs. It is comprised of interbedded 
fine silty sands, poorly graded sands and poorly graded sands with silt, well-graded sands and 
gravelly sands and local well-graded sandy gravel intervals. Total thickness ranges from 6 to 15 
feet. This zone is the thickest and highest yielding of all the Exposition groundwater zones 
encountered in the Site vicinity. Potentiometric surface measurements in the Exposition 'D' 
Zone have ranged from 97.00 feet bgs (MW-07-130, January 2003) to 106.34 feet bgs (MW-10-
170, October 2003), and groundwater fluctuations of more then 6 feet have been observed in 
the 'D' Zone since measurements began, Groundwater gradients of the Exposition 'D' Zone 
have been calculated to be 0.0023 feet/feet. Inferred groundwater flow directions have generally 
been towards southwest. 

Exposition 'E'Zone 

The 'E' Zone is typically found between 160 and 175 feet bgs and is comprised of alternating 
saturated intervals of 1-feet-thick fine silty sands and well-graded sands. Due to the limited 
number of monitoring wells screened within the Exposition 'E' Zone, no gradient data is 
available for this zone. 

2.4 PREVIOUS INVESTIGATIONS 

Numerous soil and groundwater investigations have been conducted at Pemaco and the 
adjacent properties to assess the nature and extent of contamination at the Pemaco Site and 
the surrounding area. The first soil assessment of the property was completed in 1990 by the 
Pemaco facility owner. The owner abandoned the Site sometime after 1991 and environmental 
activities at the Site became the responsibility of the State of California, and eventually the 
USEPA under the Comprehensive Environmental Response, Compensation and Liability Act of 
1980 (CERCLA). 

2.4.1 Initial Removal Actions 

Between 1991 and 1994, approximately four hundred 55-gallon drums and three above-ground 
storage tanks (ASTs) were removed from the Site by order of the Los Angeles District Attorney's 
office. A substantial fire in 1993 destroyed much of the main warehouse building. In 1994, 
USEPA Region IX Emergency Response conducted a removal assessment at Pemaco at the 
request of Los Angeles County. As a part of this assessment, USEPA removed six 55-gallon 
drums, installed fencing and secured underground storage tank (UST) fill pipes with locking well 
caps. 

2.4.2 Preliminary Assessment/Site Inspection 

In June of 1995, Bechtel completed a preliminary assessment/site inspection at Pemaco, which 
led to the listing of Pemaco into the Comprehensive Environmental Response, Compensation, 
and Liability Information System (CERCLIS) under the identification number CAD980737092. 
Ecology & Environment's (E&E) Superfund Technical Assistance Response Team completed an 
expanded site investigation in 1997, which included an evaluation of Hazardous Ranking 
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System (HRS) factors. Based on these factors, Pemaco was recommended to the Superfund 
National Priorities List (NPL). 

2.4.3 Additional Removal Activities 

CET Environmental Services, Inc. (CET) completed additional removal activities at Pemaco 
between August 1997 and March 1998 under the direction of Region IX's Emergency Removal 
Office (E&E, 1998a, 1998b). Work included excavation and removal of over 30 USTs, building 
demolition, environmental sampling and the design, installation and operation of a soil vapor 
extraction (SVE) system. The SVE system operated between March 1998 and March 1999 
(E&E, 1999). By the end of August 1998, the SVE system had operated for 3,230 hours (134.6 
days) and had removed and treated approximately 90,000 pounds of hydrocarbons and 
solvents from vadose zone soils at the Site. The system was turned off on March 3, 1999 due to 
community concern regarding the possibility of dioxin releases from the thermal oxidation unit 
used to treat extracted soil vapor. 

2.4.4 Remedial Investigation and Feasibility Study 

The USEPA placed the Pemaco Site on the NPL in January 1999, making it eligible for cleanup 
action under Superfund. A full-scale Rl was performed by USEPA between January 2001 and 
November 2001 to identify the nature and extent of soil and groundwater contamination present 
at the Site. USEPA also conducted treatability tests and additional "data gap" assessments 
between December 2001 and December 2002 to support the Remedial Investigation (Rl) and 
Feasibility Study (FS) phase of the Superfund process, which was performed between January 
2002 and August 2003. These activities included the collection of over 2,500 ambient air, soil, 
soil vapor, and groundwater samples. 

2.4.5 Documentation of Activities to Date 

The aforementioned environmental investigations, in particular the Rl and FS, resulted in a large 
database of physical and chemical information associated with the various site media (i.e., 
surface and near-surface soil, upper vadose zone soil, perched groundwater, lower vadose 
zone soil and Exposition groundwater). A summary of each environmental investigation is 
provided in Table 2-4. The following documents may be referenced for a more detailed account 
of activities and results. 

• Active Leak Testing, Inc. (12/26/90) Subject Site Assessment Investigation Report; 

• Ecology and Environment, Inc. (2/25/94) Final Site Assessment Report; 

• Ecology and Environment, Inc. (3/10/98) Pemaco Maywood Expanded Site Inspection; 

• Ecology and Environment, Inc. (3/98) Subsurface Investigation; 

• CET Environmental Services, Inc. (3/98) Design Report; 

• CET Environmental Services, Inc. (4/4/98, 5/11/98, 6/8/98, 7/8/98, 8/5/98, 9/2/98, 
10/29/98, 11/12/98, 1/4/99 and 2/4/99) Vapor Extraction Reports; 
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• CET Environmental Services, Inc. (5/6/98) Pemaco Stack Test; 

• Ecology and Environmental, Inc. (5/99) Pemaco Removal Site Final Report; 

• T N & Associates, Inc. (12/00) Preliminary Summary of Groundwater and SVE System 
Sampling Events; 

• T N & Associates, Inc. (3/02) Final Technical Memorandum, Results of Aquifer Tests 
Performed on the Exposition 'A' and 'B' Groundwater Zones, December 2001; 

• T N & Associates, Inc. (10/02) Final Technical Memorandum, Results of Groundwater 
Monitoring Activities, May 2001 through April 2002; 

• T N & Associates, Inc. (3/03) Final Technical Memorandum, Results of High-Vacuum 
Dual-Phase Extraction Pilot Test Performed on the Perched Groundwater Zone and 
Exposition 'A' and 'B' Groundwater Zones, December 2002; 

• T N & Associates, Inc. (8/03) Final Technical Memorandum, Baseline Risk Assessment; 

• T N & Associates, Inc. (11/03) Final Remedial Investigation Report; 

• T N & Associates, Inc.. (2/04) Final Feasibility Study Report; 

• T N & Associates, Inc. (2/04) Technical Memorandum: Groundwater Data Gap 
Assessment 2003, Exposition A ' , 'B', C , and 'D' Zones; 

• T N & Associates, Inc. (3/04) Technical Memorandum: Results of the Source Area 
Investigation Using a Cone Penetration Testing Rig (CPT) Equipped with a Membrane 
Interface Probe (MIP); and 

• T N & Associates, Inc. (11/04) Technical Memorandum: Pemaco Data Evaluation for 
Natural Attenuation and Biodegradation of Chlorinated Ethenes. 

2.5 NATURE AND EXTENT OF CONTAMINATION 

2.5.1 Chemicals of Concern 

Analytical results of the environmental samples collected during the RI/FS confirmed that 
chemical concentrations originating from past industrial practices at the Pemaco property have 
impacted soil and groundwater at the Site, as well as offsite, below adjacent industrial and 
nearby residential properties. Based on the operational and land use history of Pemaco and the 
adjacent industrial properties, contamination sourced to Pemaco has been delineated from 
contamination sourced to the neighboring former industrial properties. In addition, contaminant 
plumes have been delineated to levels indicative of background [soil to levels below background 
data for California soils (Bradford et al., 1996) and groundwater to levels below USEPA and 
California Environmental Protection Agency (CalEPA) drinking water standards (e.g., maximum 
contaminant levels)]. 

Fifty-six chemicals of concern (COCs) have been identified at the Site based on the comparison 
of analytical results to USEPA Region IX Preliminary Remediation Goals (PRGs) and State of 
California and USEPA Maximum Contaminant Levels (MCLs). COCs include various species of 
metals, solvents/non-halogenated volatile organic compounds (NHVOCs), semi-volatile organic 
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compounds (SVOCs) and volatile organic compounds (VOCs). COCs in each media zone are 
listed in Tables 2-5A through 2-5H. 

The following sections describe the nature and extent of contamination based on analytical data 
for the following environmental media: surface and near-surface soil, upper vadose zone soil, 
lower vadose zone soil, perched groundwater, and Exposition Zone groundwater. 

2.5.2 Surface and Near-Surface Soil 

A total of 150 samples were obtained within a collection of discrete-sample grids (approximately 
25 feet by 25 feet) and 5 composite-sample grids (approximately 50 feet by 100 feet) laid across 
the Pemaco Site and adjacent railroad right-of-way. Samples were analyzed for SVOCs and 
metals and indicated elevated concentrations of both within the two soil zones. 

Four metals and seven SVOCs were detected above site cleanup criteria for surface and near-
surface soils, or Region IX PRGs for residential soils. Additionally, iron was detected above the 
cleanup criteria, which is background [83,100 milligrams per kilogram (mg/kg)] (Bradford et al., 
1996) (see Table 2-5C). Polyaromatic hydrocarbons (PAHs) were the most prevalent SVOCs 
detected above PRGs for Residential Soil in both surface and near-surface samples. Although 
there was no indication of historical use of PAHs at Pemaco or adjacent industrial properties, 
the compounds were detected throughout the Pemaco Site. A possible source of the PAH 
concentrations could be from creosote treated railroad ties located along the former Los 
Angeles Junction Railway property and the associated spurs branching off each property, or 
from the warehouse fire that occurred on the Pemaco Site in 1993. However, PAHs were also 
detected during previous environmental assessments of adjacent properties in areas distant 
from the railway and former warehouse. It is likely that PAHs can be found in shallow soil 
throughout the Maywood area due to vehicle exhaust, previous fires and paving activities that 
have occurred over the years. These concentrations appear to be only surficial phenomena. 

Metals exceeding PRGs for residential soil in surface soils include iron, lead and manganese. 
Iron and arsenic concentrations exceed PRGs in near-surface soils. It is unlikely that the 
elevated metal concentrations are a result of previous activities on the Pemaco property. The 
elevated metal concentrations could be associated with the historical use of railcars and the 
presence of the train tracks. However, concentrations may also be contributed to high naturally-
occurring background levels in the soil. 

As concentrations of SVOC and metals in surface and near-surface soils indicate, the majority 
of surficial soil contamination appears to lie along the periphery of the Pemaco Site. This would 
be consistent with the fact that clean fill was placed over much of the Site during previous 
removal actions of the former warehouse foundation, UST excavation and soil removal within 
the central portion of the Site. 

2.5.2.1 Upper Vadose Zone Soil 

A total of 173 discrete soil samples were collected from upper vadose zone soils (approximately 
2.5 feet to 35 feet bgs) from three depth intervals - approximately 5 feet bgs, near the capillary 
fringe (25 feet bgs) and at the top of the perching clay (approximately 35 feet bgs). Samples 
were analyzed for VOCs, SVOCs, NHVOCs and metals. 
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compounds (SVOCs) and volatile organic compounds (VOCs). COCs in each media zone are 
listed in Tables 2-5A through 2-5H. 

The following sections describe the nature and extent of contamination based on analytical data 
for the following environrnental media: surface and near-surface soil, upper vadose zone soil, 
lower vadose zone soil, perched groundwater, and Exposition Zone groundwater. 

2.5.2 Surface and Near-Surface Soil 

A total of 150 samples were obtained within a collection of discrete-sample grids (approximately 
25 feet by 25 feet) and 5 composite-sample grids (approximately 50 feet by 100 feet) laid across 
the Pemaco Site and adjacent railroad right-of-way. Samples were analyzed for SVOCs and 
metals and indicated elevated concentrations of both within the two soil zones. 

Four metals and seven SVOCs were detected above site cleanup criteria for surface and near-
surface soils, or Region IX PRGs for residential soils. Additionally, iron was detected above the 
cleanup criteria, which is background [83,100 milligrams per kilogram (mg/kg)] (Bradford et al., 
1996) (see Table 2-5C). Polyaromatic hydrocarbons (PAHs) were the most prevalent SVOCs 
detected above PRGs for Residential Soil in both surface and near-surface samples. Although 
there was no indication of historical use of PAHs at Pemaco or adjacent industrial properties, 
the compounds were detected throughout the Pemaco Site. A possible source of the PAH 
concentrations could be from creosote treated railroad ties located along the former Los 
Angeles Junction Railway property and the associated spurs branching off each property, or 
from the warehouse fire that occurred on the Pemaco Site in 1993. However, PAHs were also 
detected during previous environmental assessments of adjacent properties in areas distant 
from the railway and former warehouse. It is likely that PAHs can be found in shallow soil 
throughout the Maywood area due to vehicle exhaust, previous fires and paving activities that 
have occurred over the years. These concentrations appear to be only surficial phenomena. 

Metals exceeding PRGs for residential soil in surface soils include iron, lead and manganese. 
Iron and arsenic concentrations exceed PRGs in near-surface soils. It is unlikely that the 
elevated metal concentrations are a result of previous activities on the Pemaco property. The 
elevated metal concentrations could be associated with the historical use of railcars and the 
presence of the train tracks. However, concentrations may also be contributed to high naturally-
occurring background levels in the soil. 

As concentrations of SVOC and metals in surface and near-surface soils indicate, the majority 
of surficial soil contamination appears to lie along the periphery of the Pemaco Site. This would 
be consistent with the fact that clean fill was placed over much of the Site during previous 
removal actions of the former warehouse foundation, UST excavation and soil removal within 
the central portion of the Site. 

2.5.2.1 Upper Vadose Zone Soil 

A total of 173 discrete soil samples were collected from upper vadose zone soils (approximately 
2.5 feet to 35 feet bgs) from three depth intervals - approximately 5 feet bgs, near the capillary 
fringe (25 feet bgs) and at the top of the perching clay (approximately 35 feet bgs). Samples 
were analyzed for VOCs, SVOCs, NHVOCs and metals. 
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5. An offsite area resulting from releases at the adjacent former W.W. Henry-owned 
property, consisting primarily of benzene, toluene and hexane. 

2.5.2.2 Lower Vadose Zone Soil 

A total of 112 discrete soil samples were collected from vadose zone soils between 
approximately 35 and 65 feet bgs. Soil samples were collected at 10-foot intervals beginning at 
35 feet bgs and continuing to approximately 65 feet bgs and analyzed for VOCs, SVOCs, 
NHVOCs and metals. 

Analytical results were compared to site cleanup criteria for lower vadose zone soils, or USEPA 
Region IX DAF 20 SSLs for soils to 50 feet bgs and USEPA Region IX DAF 1 SSLs for soils 50 
feet or greater (see Tables 2-5E and 2-5F). The DAF 1 SSLs assume that the contaminated soil 
source is directly adjacent to a drinking water source, such as a regional aquifer, and no dilution 
is occurring along the migration pathway between the source soil and the drinking water source. 
Due to the saturated zone present between approximately 55 and 65 feet bgs and the potential 
future use of the Exposition Aquifer as a viable water source, lower vadose zone soils present at 
50 feet bgs or greater were also compared to DAF 1 SSLs. Primary analytical data are bulleted 
below by analyte group: 

• All 24 metal target analytes were detected above method detection limits, although only 
total chromium was detected above DAF 20 SSLs. Upon comparison of lower vadose 
zone soils below 50 feet bgs with DAF 1 SSLs, the following metals were filtered: 
antimony, arsenic, barium, cadmium, total chromium, and nickel. Total chromium 
exceeded the DAF 1 SSL for chromium at every boring where samples were collected 
below 50 feet. With exception to antimony, all other metals were detected at 
concentrations exceeding their applicable SSLs at all borings sampled below 50 feet 
except for one to two locations. The widespread presence of metals within lower vadose 
zone soils suggests that these metals are likely background and not from a Pemaco 
release. 

• Trace to low concentrations of SVOCs and NHVOCs were detected; however, no 
concentrations exceeded DAF 20 or DAF 1 SSLs. 

• VOCs that exceeded Region IX DAF 20 SSLs include: benzene, cis-1, 2-DCE, 1,2-
dichloroethane (DCA), methylene chloride, TCE, and vinyl chloride. Upon comparison of 
lower vadose zone VOC concentrations greater than 50 feet bgs with DAF 1 SSLs, all 
VOCs discussed above reported concentrations exceeding DAF 1 SSLs with exception 
of vinyl chloride. This comparison also revealed additional offsite contamination, 
although maximum exceedances remain concentrated within the southwest corner of the 
Pemaco Site between the depths of 55 and 60 feet bgs. 

Like upper vadose zone soils, VOCs are the most prevalent and widespread contaminant within 
lower vadose zone soils. Two areas of contamination have been identified in the lower vadose 
zone (between 35 and 65 feet bgs). One area is located along the southern boundary of the 
Pemaco Site, which extends offsite to the south/southwest and is comprised of chlorinated 
VOCs. The other area is related to the W.W. Henry free product plume and was detected along 
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59th Place adjacent to the W.W. Henry property. The extent of this contamination was not fully 
evaluated, as it is not part of the Pemaco RI/FS scope. 

2.5.2.3 Perched Groundwater 

A total of 42 groundwater monitoring wells have been installed within the perched groundwater 
zone. Utilizing this network, eight quarterly groundwater sampling events (to date) have enabled 
the complete delineation of contaminant "plumes", which originate from the Pemaco property. 

PCE, TCE and vinyl chloride are the most prevalent and widespread compounds detected 
within the perched groundwater zone. "Hot spot" areas within the plumes have had groundwater 
concentrations exceeding 1,000 microgram per liter (pg/L). The dissolved-phase portions of the 
plumes extend offsite and have migrated beneath adjacent properties extending up to 250 feet 
to the south and up to 200 feet southwest of the Pemaco property. Contaminant plumes 
originating from the Pemaco property have also co-mingled with other chlorinated and non-
chlorinated contaminant plumes that have resulted from historical industrial uses of neighboring 
properties (former W.W. Henry and Lubricating Oil Services properties). 

A more detailed description of the individual plumes is provided below: 

• There appears to be three separate areas where PCE was released including the north-
central portion of the Pemaco property, the northeast portion of the W.W. Henry property 
and in District Blvd (approximately half a block south of the Pemaco property). The 
highest concentrations (>500 /jg/L) are found in the north-central portion of the Pemaco 
property in the vicinity of wells B-01 and SV-2. This area coincides with the former 
aboveground storage tanks and drum storage areas. The northern extent of this plume is 
approximately where the northern Pemaco property boundary lies. The western extent of 
this plume appears to co-mingle with another separate PCE plume that probably 
originated from the W.W. Henry property. This is indicated by the increase in 
concentrations going from northeast to southwest across the Pemaco and Railway 
properties onto the W.W. Henry property. This W.W. Henry hot spot also coincides with 
a documented release of PCE in soil adjacent to the former rail spur that ran along the 
northern boundary of the W.W. Henry property. The third identified perched zone PCE 
plume is located in a small area around well B-25. This small plume is likely to have 
originated from a release on the former Lubricating Oil Services property. 

• TCE is the most prevalent VOC in the perched zone. The perched TCE plume extends 
throughout most of the Pemaco Site and adjacent areas. The highest concentrations 
(>100 fjg/L) are found in the extreme southern portion of the Pemaco Site and to the 
south and southwest of the Pemaco Site. The "hot spot" of the perched TCE plume 
appears to be limited to an area between the 59th Place and Walker Avenue 
intersection, and the portion of District Blvd. north of B-25. This plume may have 
originated from the former loading dock located in the extreme southwest of the Pemaco 
property or from spills that could have occurred along the railway. In-situ groundwater 
samples were collected from selected residential lots in July 2001 to delineate the TCE 
plume in the residential area. The TCE plume is truncated to the west by the floating free 
product plume originating from the W.W. Henry property, as identified during Rl activities 
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and confirmed by environmental investigations performed by W.W. Henry environmental 
contractors (Levine-Fricke, 2001). A second area of elevated concentrations (>50 /jg/L) 
coincides with the north-central portion of the Pemaco Site in the SV-2 and B-01 areas. 
This TCE plume may be associated with the dechlorination of the PCE plume in that 
area. 

• Vinyl chloride is one of the end daughter products in the degradation process of PCE 
and TCE. The vinyl chloride plume in the perched zone is probably due to the 
degradation of PCE and TCE (and subsequently DCE) and not from a release of vinyl 
chloride, which is a gas at room temperature and pressure. The "hot spot" (>100 /vg/L) of 
the vinyl chloride plume appears to be in a small area near B-21. This well has elevated 
levels of toluene, which may be aiding in the degradation process of TCE and PCE 
causing the elevated vinyl chloride concentrations. The vinyl chloride plume terminates 

.west of the Pemaco Site at the free product plume originating from the W.W. Henry 
property. 

2.5.2.4 Exposition Groundwater Zones 

A total of 36 groundwater monitoring wells have been installed in the five Exposition 
groundwater zones present in the vicinity of the Pemaco Site. Eight quarterly groundwater 
sampling events (to date) have been conducted using this well network. The most extensive 
contaminant plumes are found in the upper Exposition groundwater zones ('A' and 'B') are 
primarily comprised of TCE and its daughter products. The plume of largest lateral extent is 
approximately 1,300 feet long and 750 feet wide within the Exposition 'B' Zone. The dissolved-
phase portion of this plume extends towards the southwest of the Pemaco property and 
underlies a two-block area that is used for residential housing. The "hot spot' area of this plume 
is directly below the southernmost portion of the Pemaco property and contains TCE at 
concentrations exceeding 20,000 /jg/L. 

A more detailed summary of contamination within each Exposition groundwater zone is bulleted 
below by zone. 

'A'Zone: 

• The compounds PCE, TCE and their associated daughter products (1,1-DCE, cis-1,2-
DCE, trans-1,2-DCE and vinyl chloride) are the only chlorinated compounds that are 
widespread and consistently detected in the 'A' Zone above regulatory levels. Detections 
of hexane and cyclohexane are the only non-chlorinated compounds that are 
consistently detected in the Exposition A ' Zone, although concentrations are below 
regulatory levels. Chloroform has been consistently detected over the PRG of 0.16/yg/L, 
but it only appears in one well (MW-5-85). 

• TCE is the prevalent compound in the A ' Zone indicated by its high concentrations 
(21,000 jjg/L) and large spatial area. PCE is consistently detected in the 'A' Zone, but 
the concentrations are relatively low (<10 /jg/L) compared to the TCE concentrations 
(>20,000 /yg/L). The "hot spot" concentrations (>10,000 jjg/L) of the Exposition A ' Zone 
TCE plume is limited to the southernmost portion of the Pemaco property and extends 
southward to the south side of 59th Place and westward to the 59th Place and Walker 
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Avenue intersection. This "hot spot" area is consistent with a release in the 
southernmost portion of the Pemaco Site possibly from the former loading dock, former 
drum storage area or one of the southernmost former USTs. The farthest that the 
dissolved-phase fringes of the plume extend offsite is southward where it terminates 
before 60th Place. The A ' Zone TCE plume does not appear to extend in the southwest 
direction consistent with its gradient. This is likely due to the irregular geometry and 
discontinuous nature of the A ' Zone sand lenses. 

There were no SVOCs detected above California MCLs or PRGs in the Exposition A ' 
Zone. 

• There were only two NHVOCs detected in the A ' Zone that exceeded PRG screening 
levels, these were acetone and acrylonitrile. These concentrations above PRGs were 
only detected during the first sampling event following the installation of wells and have 
been attributed to bentonite pellets (see note below) used during well installation (TN&A, 
2002b). Furthermore, these two wells are the furthest down-gradient wells from the 
Pemaco property. The spatial distribution of the detected acetone concentrations 
supports the premise that these concentrations are anomalous. 

• Metal concentrations in the Exposition A ' Zone exceeded screening levels (MCLs and 
PRGs) for arsenic and hexavalent chromium. The spatial distributions of these 
concentrations appear to coincide with chlorinated VOC plume "hot spot" and could 
possibly be associated with a release or could be a byproduct of the chlorinated VOC 
release. Changing native state geochemical parameters could have caused acidic 
conditions that may cause metal concentrations to be leached from the soil and cause 
higher than native background metals in solution. These elevated metal concentrations 
could also be high natural background levels. 

'B'Zone: 

• The groundwater concentrations of VOCs are similar to the concentrations found in the 
A ' Zone with TCE being the most prevalent and widespread compound. The dissolved-
phase fringes of the TCE plume extend over a much greater area in the 'B' Zone than in 
the A ' Zone. Less prevalent concentrations that are consistently detected in the 'B" Zone 
include: hexane, cyclohexane, and benzene. 

• The "hot spot" concentrations (>10,000 /yg/L) of the Exposition 'B' Zone TCE plume 
mirrors the A ' Zone "hot spot" area. The farthest that the dissolved-phase fringes of the 
'B' Zone TCE plume extend offsite is southwestward where it terminates near the Alamo 
Avenue and 60th Place intersection. The total size of this elliptical plume is estimated to 
be 1,290 feet long and 750 feet wide in map view. The geometry of the 'B' Zone TCE 
plume appears to be consistent with the southwest groundwater gradient indicated by 
the groundwater measurements in the 'B' Zone wells. The estimated surface area of the 
'B' Zone TCE plume is approximately 17.7 acres (771,004 square feet). This larger 
plume size is further indication that the 'B' Zone sand lenses are more uniform and 
continuous than the A ' Zone sands. 
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The consistent detections of elevated benzene, hexane and cyclohexane in samples 
from well MW-06-85 indicate that the noh-chlorinated contamination, which is prevalent 
in the perched zone underlying the eastern portion of the W.W. Henry property (free 
product area), has migrated down to the Exposition groundwater zones. Further 
evidence of this migration is indicated by the benzene concentrations found in each of 
the soil samples collected from 25 to 65 feet bgs from the MW-06 boring. 

There were only two NHVOCs detected in the 'B' Zone that exceeded PRG screening 
levels, these were acetone and acrylonitrile. The same discussion applies for these two 
compounds as discussed in the Exposition A ' Zone section above. 

There were no SVOCs detected above California MCLs or PRGs in the Exposition 'B' 
Zone during any of the quarterly groundwater sampling events. 

Metal concentrations in samples from the Exposition 'B' Zone exceeded screening levels 
(MCLs and/or PRGs) for aluminum, arsenic, hexavalent chromium, manganese, and 
thallium. The spatial distributions of the arsenic concentrations are not consistent with a 
release based on the fact that the highest concentrations are found in samples from 
wells outside of the Pemaco "hot spot" area. The hexavalent chromium concentrations 
appear to coincide with chlorinated VOC plume "hot spot" and could possibly be 
associated with a release or could be a byproduct of the chlorinated VOC release. The 
spatial distribution and limited occurrences of elevated aluminum, manganese and 
thallium concentrations indicate that these are likely high natural background levels. 

'C'Zone: 

There are six wells screened in the Exposition C Zone (MW-10-110 and MW-11-100 
and MW-05-105, MW-23-110, MW-24-110 and MW-25-110, which were installed in July 
2003 as part a data gap assessment). No VOCs exceeding California MCLs have been 
detected within the Exposition C Zone wells. However, three VOCs (benzene, TCE and 
vinyl chloride) have been detected at concentrations which exceed the more stringent 
Region IX PRGs for tap water. In addition, 1,4-dioxane has been detected in a sample 
collected from monitoring well MW-23-110 at a concentration of 5.0 yt/g/L, exceeding the 
California Department of Health Services Action Level of 3.0 jjg/L. There is currently no 
promulgated California MCL for 1,4-dioxane. 

'D'and E'Zones: 

There are six wells screened in the Exposition 'D' Zone (MW-05-135, MW-07-130, MW-
12-150 and MW-23-145, MW-24-140 and MW-25-130) that were installed in July 2003 
as part a data gap assessment, and only one well screened in the Exposition 'E' Zone 
(MW-10-170). No wells within the 'D' Zone have reported VOCs in exceedance of 
California MCLs with exception to MW-24-140. This well has reported TCE at 
concentrations up to 120 /yg/L. Although no other VOCs were detected above MCLs, 
three VOCs (bromodichloromethane, chloroform and vinyl chloride) have exceeded the 
more sthngent Region IX PRGs for tap water. 
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2.5.3 Source Area Investigation 

In September 2003, sixteen borings were completed by the USACE Site Characterization and 
Analysis Penetrometer System (SCAPS) rig to total depths ranging from 80 to 100 feet bgs. The 
screening tool used during the Pemaco source area investigation was a membrane interface 
probe (MIP) that was located approximately 2 feet above the probe tip and allowed for VOC 
concentration measurements in sub-surface soils as measured by the on-board Ion Trap/Mass 
Spectrometer (IT/MS) provided by Oak Ridge National Laboratories. The MIP heats the 
subsurface soils in-situ (MIP is heated to 105 to 110° Celsius), and transfers the off-gassed 
vapor concentrations to the on-board analytical instruments via a helium stream. A combination 
of both operational modes of the SCAPS rig was used for this investigation. This included 
continuous probing, which allows for rapid collection of concentration data that is very qualitative 
in nature, and discreet sampling where the probe is stopped at discreet intervals to collect data 
that can be quantified. The drill rig used was a conventional cone penetrometer technology 
(CPT) rig equipped with an MIP probe and an on-board IT/MS used to detect and speciate 
VOCs in soil, soil vapor and groundwater. Data from the continuous and discrete sampling 
program confirmed that the TCE soil plume, which is the source of the large groundwater plume 
in the Exposition A ' and 'B' Zones underlying the area, is located in the extreme southern 
portion of the Pemaco site. 

• The CPT/MIP source area data has delineated the highest TCE concentrations in soil 
and groundwater at an increased resolution as compared with interpretations from soil 
sampling and groundwater data from the borings and wells installed in the area. 

• The CPT/MIP data has led to a better understanding of the depths, thicknesses and 
continuities of the hydrogeologic units in the source area as illustrated by the cross 
sections produced from the data. 

• The majority of the TCE mass in soil is located between 35 and 90 feet bgs in the 
southern portion of the site. Three areas were identified where TCE concentrations were 
more continuously detected throughout the soil column. These areas generally coincide 
with the historic drum storage areas. 

• The majority of the hydrocarbon mass is located between 25 and 60 feet bgs in the 
southern portion of the site. Two areas were identified where hydrocarbon 
concentrations were more continuously detected throughout the soil column. These 
areas generally coincide with the former UST locations. 

2.6 ADDITIONAL INVESTIGATIONS AND PILOT STUDY 

2.6.1 Radius of Capture for Capture for Exposition "A" and 'B' Zones 

Aquifer tests were performed in the Exposition Aquifer A ' and 'B' Zones in December 2001 for 
the Pemaco Site. A technical memorandum was prepared to document field activities, results, 
and data interpretations associated with the tests (TN&A, 2002e). The Exposition Aquifer within 
the study area is not a viable aquifer because the groundwater yield does not produce 
economically significant quantities of water to local production wells. However, there are five 
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distinct saturated zones (Exposition A ' through 'E' Zones) present between 65 and 180 feet 
beneath the site and surrounding area that are stratigraphically equivalent with the more 
regional Exposition Aquifer. The aquifer testing focused on the upper most saturated intervals 
(Exposition A and B Zones) of the stratigraphically equivalent Exposition Aquifer. Analytical 
results obtained during the Rl indicated that these groundwater zones contain the highest 
concentrations of chemical of potential concern (COPCs) at the site. The aquifer test results, 
summarized in Table 2-6 and Table 2-7, helped facilitate the selection of the most appropriate 
remedial technologies for these groundwater zones during the FS phase of the project. 

Four types of aquifer tests were performed to evaluate the hydrogeologic characteristics of the 
Exposition 'A' and 'B' groundwater zones. They included slug, step-drawdown, constant rate, 
and recovery tests. An additional "stress" pumping test was performed on the 'B' Zone to 
determine maximum sustainable pumping rates. These tests quantified parameters such as 
hydraulic conductivity, transmissivity, storage coefficient, well efficiency, and optimum pumping 
rates. These parameters were then used to calculate the effective radius of capture (ROC) for 
recovery wells that may be required for remediation purposes, establish the well design and 
configuration, and engineer the remediation equipment. 

The following hydraulic conductivities were calculated from the data obtained during the aquifer 
test (refer to Table 2-7): 

Zone 
Hydraulic Conductivity 

(feet/minute) 

A 8.3x10"^ to 2.3x10"^ 

Bi l . lxlO'^to 1.1x10"^ 

B2 6.6x10"^ 

The estimated radius of capture (stagnation point) [at a flow rate of 1.137 gallons per minute 
(gpm)] in the downgradient direction is: 

Zone 
Downgradient 

Radius of Capture* 
(feet) 

Average A and B 123.90 

Bi and B2 Average 139.90 

Bl Average 46.43 

B2 Average 730.03 

'Downgradient radius of capture (stagnation point) per aquifer zone is averaged from individual pumping 
and recovery well radius of capture calculations. These calculations are based on the individual recovery 
and pumping well aquifer thicknesses and transmissivities calculated by AQTESOLV^" (refer to TN&A 2001, 
Tech Memo - Results of Aquifer Tests Performed on the Exposition 'A' and 'B' Groundwater Zones, 
December 2001). The individual well aquifer properties and calculated radius of capture are calculated by 
Grubb's WELLCALC (1993) and shown in Table 2-6. 
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Based on this estimated radius of capture, the maximum crossgradient width of the capture 
zone was estimated using the following equation: 27ir = width of capture zone (feet). The 
crossgradient width of the capture zone for each zone is presented in the following table: 

Zone 
Crossgradient 

Width of Capture 
(feet) 

Average A and B 778.49 

Bl and B2 Average 879.02 

Bi Average 291.73 

B2 Average 4586.91 

The following conclusions of the Aquifer Test pertain to expected flows from extraction wells 
installed for the Remedial Action: 

• A series of groundwater slug, pumping, and recovery tests were performed at the 
Pemaco site between December 12th and 24th, 2001. Types of tests performed 
included: background/diurnal logging of "static" groundwater levels in the A ' and 'B' 
Zones slug testing of five A ' Zone wells, step-drawdown pump testing of the 'B' Zone 
while monitoring A ' Zone and 'B' Zone well, constant-rate pump testing (72 hrs) of the 
'B' Zone while monitoring A ' and 'B' Zone wells, post-pumping recovery monitoring of all 
wells monitored during pumping test, "stress" pumping of the 'B' Zone to determine 
maximum sustainable pumping rates. 

• Sustainable pumping rates from the 'B' Zone are approximately 1 gallon per minute 
(gpm) and approximately 0.5 gpm from the A ' Zone. Theoretical maximum yield for the 
'B' Zone is 1.4 gpm. 

2.6.2 Radius of Capture for Exposition ' C and 'D' Zones 

No aquifer tests have been performed on the Exposition C and 'D' Zones and thus no 
drawdown or recovery curves were available to estimate transmissivity. Therefore, capture 
zones were estimated by calculating hydraulic conductivity for each zone utilizing observed 
aquifer thicknesses and calculated hydraulic gradients. The estimated aquifer properties for ' C 
and 'D' Zones are summarized in Table 2-8 and Table 2-9. Due to the similar aquifer properties 
and thickness, the average hydraulic conductivities for Exposition Well RW-1 (Table 2-6) was 
used as the estimated hydraulic conductivity for Exposition C and 'D' Zone. Hydraulic 
conductivity values were then used to back-calculate transmissivity (T) using the following 
equation: 

T = Kb 

where: 

K = hydraulic conductivity 
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b = average aquifer thickness, or saturated interval, beneath the Site. 

Once transmissivity values were established, the radius of capture (stagnation point, XO in the 
downgradient direction was numerically estimated from the following equation: 

XL = Q/(27iTi) (Todd, 1980) 

where: 

XL = radius of capture in the down gradient direction (stagnation point) (feet) 

Q = pumping average discharge rate (ft̂ /min.) 

T = transmissivity of the water bearing unit (ft̂ /min.) 

i = average hydraulic gradient beneath the site (unitiess) 

n = mathematical constant representing the ratio of the circumference of a circle to its 
diameter (3.14159) 

An estimated pumping rate of 1.1 gallons per minute (gpm) was used based on the section 
3.6.2 Average Groundwater Extraction Rate performed on the Exposition 'D' Zone. The 
maximum width of the capture zone in the crossgradient direction (upgradient width) is equal to 
271 times the downgradient radius of capture (TN&A, 2004a; Todd, 1980). 

Using the above-described methodology, downgradient capture can be calculated using the 
following values: 

Q = 0.147 ft^/min (1.1 gpm) 

i = 0.018 for C Zone; 0.0017 for 'D' Zone (based on TN&A 2003, Remedial Investigation 
Report - Appendix 13: Groundwater Data Gap Assessment 2003, Exposition A', 'B', ' C , 
and 'D' Zones Figure 4 and 5). 

Estimated average radius of capture (at a flow rate of 1.1 gpm) in the downgradient direction is: 
(refer to Table 2-9) 

Zone 
Downgradient 

Radius of Capture* 
(feet/min) 

Average ' C and 'D' 240.8 

C Average 80.2 

'D' Average 401.4 

"Downgradient radius of capture per aquifer zone is averaged from individual pumping and recovery weli 

radius of capture calculations. These calculations are based on the individual recovery and pumping well 

aquifer thicknesses and transmissivities calculated by the above equations. The individual well aquifer 

properties and calculated radius of capture are shown in Table 2-8. 
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Based on this estimated radius of capture, the maximum crossgradient width of the capture 
zone is estimated using the following equation: 27ir = width of capture zone (feet). The 
crossgradient width of the capture zone for each zone is presented in the following table: 

Zone 
Crossgradient Width 
of Capture (feet/min) 

Average C and 'D' 756.4 

C Average 251.9 

'D' Average 1261.0 

2.6.2 HVDPE Pilot Test 

A pilot test of high vacuum dual phase extraction (HVDPE) was performed at the Pemaco Site 
in December 2002. The tests were considered "remedy-selection tests" per USEPA guidelines 
for performing treatability studies under CERCLA, as HVDPE could potentially enhance 
contaminant recovery from soil and groundwater at the site (USEPA, 1992). This work was 
accomplished under contracts issued to TN&A by the U.S. Army Corps of Engineers, Omaha 
District. A technical memorandum was prepared to document the field activities, results, and 
data interpretations of the HVDPE Pilot Test (TN&A, 2003a). 

The pilot tests were performed onsite and included the evaluation of HVDPE in the upper 
vadose soil and perched groundwater zone, as well as in the lower vadose soil and upper 
Exposition A ' and 'B' groundwater zones. Calculations were performed to determine the radius 
of capture for individual SVE wells and contaminant mass recovery of the HVDPE system at 
various flow rates. The results were extrapolated to evaluate the technical and cost-
effectiveness of a full-scale application of the technology as well as use of HVDPE to enhance 
the effectiveness of other remedial alternatives as a part of the FS. 

The following conclusions and recommendations were identified based on the performance of 
the HVDPE system during the treatability study/pilot test. 

Perched Groundwater Zone 

• Conditions are very favorable in the upper vadose soil and perched zone for effective 
remediation using HVDPE using the drop-tube method. 

• Effective vapor extraction radius of influence (ROI) for the upper vadose soil and 
perched zone sediments was 54 feet. 

• Estimated groundwater ROI for the perched groundwater zone was 72 feet. 

• Groundwater flow rates averaging 0.8 gpm were attained using HVDPE (typically <0.10 
gpm with no vacuum applied) 
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Exposition A Zone 

• Conditions are favorable for the lower vadose soil and Exposition A ' Zone for effective 
remediation using HVDPE. The drop-tube method was found to be more effective than 
the down-hole pump method. 

• Effective vapor extraction ROI for the lower vadose soil and Exposition A ' Zone 
sediments is 37 feet (both methods). 

• Groundwater ROI for Exposition A ' groundwater zone is 175 feet (both methods). 

• Groundwater flow rates of 1.1 gpm were attained using HVDPE with the drop tube 
method (typically <0.25 gpm with no vacuum applied). 

• Maximum influent concentrations exceeded 900 part per million per volume (ppmv), 
average concentrations were higher during drop-tube method. 

Exposition B Zone 

• Conditions are not favorable for HVDPE to effectively remediate the 'B' Zone. However, 
HVDPE does increase sustainable groundwater extraction rates. 

• Effective vapor extraction ROI for 'B' Zone sediments is 0 feet. 

• Estimated groundwater ROI for 'B' Zone groundwater is 69 feet or greater. 

• Estimated sustainable groundwater flow rates of 2.0 to 2.5 gpm were attained using 
HVDPE (typically 1.1 gpm with no vacuum applied). 
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3.0 SUMMARY OF RECORD OF DECISION 
The Record of Decision for the Pemaco Maywood Superfund Site (ROD) dated January 13, 
2005 is an official document that states the decision on a selected remedial action and provides 
information on other alternatives considered, the basis for the decision, the environmentally 
preferable alternative and the mitigating measures developed to avoid or minimize 
environmental harm. It also includes information of past removal action at the site, a 
responsiveness summary, and a bibliography of documents that were used to reach the 
remedial decision. The responsiveness summary includes all comments received from 
regulators and the general public. 

The ROD was developed in accordance with the Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 (CERCLA) as amended by the Superfund Amendments 
and Reauthorization Act of 1986 (SARA), and to the extent practicable the National Oil and 
Hazardous Substances Pollution Contingency Plan (NCP). The USEPA issued this ROD 
pursuant to Section 104 of CERCLA and selected the remedial action in accordance with 
Section 121 of CERCLA. This was considered a final site ROD and the decision was based on 
the administrative record for the site. 

The State of California concurred with the selected remedy as documented by correspondence 
from the Department of Toxic Substances Control (DTSC) dated April 16, 2004. 

3.1 R E M E D I A L D E S I G N S U M M A R Y 

The remedial action for Pemaco addresses removal of contaminants from soil and groundwater. 
Since the subsurface geologic and hydrogeologic environments and contamination levels found 
at Pemaco are highly irregular and variable, USEPA divided the site into three subsurface zones 
or "remediation zones" and assembled remedial alternatives by zone to develop an appropriate 
cleanup strategy for each individual zone. The remediation zones identified at the Pemaco site 
are: 

• surface and near surface soil remediation zone (0-3 feet bgs) 

• upper vadose zone soil and perched groundwater (3-35 feet bgs) 

• lower vadose zone soil and Exposition groundwater (35-100-1- feet bgs) 

The selected remedy for the entire site is as follows: 

• Surface and Near-Surface Soil: Soil Cover/Revegetation 

• Upper Vadose Zone Soil and the Perched Groundwater: High-Vacuum Dual-Phase 
Extraction (HVDPE) with Granular-Activated Carbon (GAC) for treatment of extracted 
groundwater, and Flameless Thermal Oxidizer (FTO) and GAC for treatment of 
extracted vapors. 

• Lower Vadose Zone Soil and Exposition Groundwater: Electrical Resistance Heating 
(ERH) with Vacuum Extraction (VE), Vacuum-Enhanced Groundwater Extraction, 
Groundwater Pump and Treat (P&T), and Monitored Natural Attenuation (MNA). GAC for 
treatment of extracted groundwater; and FTO and GAC for treatment of extracted vapors 
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The USEPA believes the selected remedy for Pemaco meets the threshold criteria and provides 
the best balance of tradeoffs among the alternatives considered. The USEPA expects the 
selected remedy to satisfy the statutory requirements of CERCLA Section 121(b): 1) protection 
of human health and the environment: 2) compliance with ARARs; 3) cost effectiveness; 4) use 
of permanent solutions and alternative treatment technologies to the maximum extent 
practicable; and 5) use of treatment as a principle component. 

All remedies shall meet the Remedial Action Objectives (RAOs) for soil, groundwater and indoor 
air at the Pemaco Site. The USEPA has identified the following RAOs: 

• Prevent human exposure (by direct contact) to contaminated soils having COCs in 
excess of the applicable, relevant and appropriate standards (ARARs) for soil and 
standards that are protective of human health and the environment. 

• Prevent migration of COCs from soil to groundwater at levels that would exceed drinking 
water standards. 

• Restore the groundwater quality in perched groundwater zone, and Exposition zones to 
drinking water standards (i.e., MCLs). 

• Prevent vertical migration of COCs from the perched groundwater and deeper 
Exposition zones at rates that would cause groundwater to exceed drinking water 
standards. 

• Prevent further off site migration of contaminated groundwater beneath additional 
adjacent properties. 

• Prevent migration of contaminated groundwater to local production wells 

• Remediate COCs in soil and groundwater to drinking water standards and other health 
based action levels to eliminate potential exposures to indoor air contaminants created 
by site contamination. 

• Prevent further migration of soil vapor in excess of ARARs and standards that are 
protective of human health and the environment. 

These RAOs for the Pemaco Site were developed by USEPA based on the following: 

• Reasonable anticipated land use scenarios summarized in the human health risk 
assessment (HHRA) section of the ROD that include recreational land use, as the 
property is currently incorporated into redevelopment plans to be made into the 
Maywood Riverfront Park. 

• The HHRA identified the appropriate exposure pathways, routes, and receptors as well 
as COCs which required that remedial action be performed at the site to protect human 
health and the environment. 
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3.2 SELECTED ACTION FOR SURFACE AND NEAR-SURFACE SOIL REMEDIATION ZONE 

Soil Cover/Revegetation 

The proposed future use of the Pemaco site is a recreational park. This alternative would place 
a 1 -foot layer or approximately 4,550 cubic yards of clean soil on the site, with the addition of a 
non-woven geotextile layer between the soil cover and the native site soils. Implementation of 
this remedy will take one to two months. Implementation of this portion of the remedy will be 
conducted by the City of Maywood as part of the design and construction of the recreational 
park that includes the Pemaco property and the surrounding adjacent properties. 

3.3 SELECTED ACTION FOR UPPER VADOSE SOILS AND THE PERCHED GROUNDWATER 

HVDPE, FTO, and GAC 

Twenty-seven (27) dual-phase extraction (DPE) wells will be installed into the upper vadose 
zone soil (approximately 80,000 to 95,000 cubic yards of soil affected) and the perched 
groundwater zone to remove contamination in both the liquid and gas phase. The perched 
groundwater plume has migrated approximately 250 feet to the south and up 200 feet southwest 
of the Pemaco property. Approximately 1.4 million gallons of contaminated groundwater is 
present within the impacted perched groundwater zone. 

Extracted contaminated vapor will be pumped to the surface and treated onsite using a FTO 
unit. It is estimated that after one year, concentrations of poorly adsorbing chemicals (e.g., vinyl 
chloride) in the vapor phase will have decreased enough to safely change over to a GAC 
system for treatment of extracted vapors for the remainder of the cleanup. 

Groundwater will be treated with a liquid-phase GAC system. Vinyl chloride is expected to pass 
through the GAC at trace level concentrations significantly below the effluent limitations. Based 
on a composite sample from the A&B source zone collected for the advanced oxidation water 
treatment bench test, the vinyl chloride concentrations were below 6 ppb. The discharge of 
treated groundwater is discussed in Section 4.6. It is estimated that the treatment system will 
operate for 5 years and require an additional 5 years of monitoring. 

3.4 SELECTED ACTION FOR LOWER VADOSE SOILS AND EXPOSITION GROUNDWATER 

ERH with VE, Vacuum-Enhanced Groundwater Extraction, Groundwater P&T, MNA, FTO, and 
GAC 

Treatment in this zone targets the highest concentrations of contamination found on the site as 
well as the entire groundwater dissolved-phase plume. For the "core" or source area of 
contamination, an ERH system consisting of approximately 95 electrodes and 36 vapor 
extraction wells will be installed within the mapped isoconcentration contour line. This 
isoconcentration contour line collectively represents concentrations of TCE greater than 
10,000/yg/L in groundwater. The CPT/MIP source area data which represents concentrations 
greater than 10,000 parts per billion (ppb) of vapors in soil and the CPT/MIP data that 
represents intervals greater than 10-feet thick with TCE response curves greater than 20,000 
intensity counts. ERH treatment area and the combined plumes representative of the treatment 
"core" area are discussed in greater detail in Section 4.3.4 - ERH Design. The electrodes and 
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monitoring wells will be installed to a depth of 100 feet bgs. The system will include a 2,000 cfm 
blower for vapor extraction. 

The dissolved-phase Exposition A ' and 'B' Zones groundwater plume extends southwest of the 
Pemaco property and lies beneath a two-block residential housing area. A vacuum-enhanced 
groundwater pump-and-treat network will address VOCs within the mapped isoconcentration 
contour line which represents 1,000/yg/L of TCE in groundwater. This treatment network will 
consist of approximately 12 vacuum enhanced groundwater extraction wells installed into the 'A' 
Zone (65 to 75 feet bgs) and the 'B' Zone (80 to 100 feet bgs). 

Sampling conducted during late 2003 indicated that one well (MW-24) installed on the Pemaco 
property in the ' C and 'D' Zones, contained low contaminant concentrations. The State of 
California requested that USEPA place an extraction well in this location. In response to this 
request, USEPA will install an extraction well into the 'D' Zone (approximately 120-140 feet bgs) 
and treat extracted groundwater from this zone. 

Additional groundwater extraction wells will be installed to address groundwater contamination 
in the area between the mapped isoconcentration contour lines for 1,000 and 10/yg/L of TCE. 
MNA will be used outside the 10 /yg/L TCE contour to demonstrate plume reduction and/or point 
of compliance. 

FTO will be used to address the vapors extracted from the treatment systems with a change 
over to GAC when the vinyl chloride concentrations in the effluent have decreased to safe 
levels. USEPA estimates that this switch-out should occur within one year. 

Groundwater will be treated with a liquid-phase GAC system as described in Section 3.3. The 
treated groundwater will be discharged to the sanitary sewer, or a portion reinjected back into 
the aquifer (to be determined based on the selected ERH Contractor design requirements). All 
appropriate water discharge permits and treatment requirements will be met. 

Implementation of the ERH system for the Lower Vadose Soils and Exposition Groundwater will 
allow flexibility for possible future use of in situ oxidation and/or in situ bioremediation of portions 
of the source area of the plume, after the ERH system has been removed. This "life-cycle" 
remedial component will only be used if the USEPA determines, after completion of the ERH 
operation, that the additional implementation of in situ treatment is needed to augment or 
provide a "polishing step" for treatment of groundwater after the principal threat area has been 
treated. 

It is estimated that ERH will require approximately one year for treatment of the source area. 
Vacuum-enhanced groundwater extraction and treatment, with the possibility of supplementary 
in situ chemical oxidation or enhanced bioremediation, is expected to continue for approximately 
4 additional years. Groundwater monitoring is required for an additional 5 years for a total of 10 
years. 
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4.0 BASIS OF DESIGN 

4.1 SOIL COVER 

The selected remedial action surface and near-surface soils will utilize a soil covering and 
surface revegetation. The soil cover will consist of a non-woven geotextile layer below a one-
foot soil cover topped by a vegetation layer (or Park hardscape). Implementation of this portion 
of the overall remedy will be coordinated with the City of Maywood as part of the City's design of 
the recreational park that includes the Pemaco property and the surrounding adjacent 
properties. 

The purposes of the soil closure cover, as stated in the ROD, are: 

• To prevent human exposure to COCs in surface or near-surface soils; 

Based on these requirements, the design objectives developed for the soil closure cover are: 

• To minimize soil cover erosion through proper grading and vegetative cover; 

• To maintain stability under static and dynamic loading, through proper grading; 

• To minimize excavation into contaminated material; and 

• To grade the site to conform to future park topography (to be performed by the Park 
Contractor). 

The design criteria for the soil closure cover system are summarized in the table below. 

Soil Closure Cover Cross Section 

Design Criteria Basis of Design 

The following cross section over the site can 
meet the design criteria (from bottom to top). 

• Non-woven geotextile layer 

• 1-foot soil fill layer 

• Vegetation layer 

Using the Universal Soil Loss Equation, a one-
foot vegetated layer can sufficiently protect the 
soil closure cover integrity (Section 4.1.1) 

See Section 4.1.2 for the basis for non-woven 
geotextile layer selection 

The vegetative cover shall be maintained year-
round as a recreational park by the City of 
Maywood 

Preclude ponding The minimum slope for the cap surface is 1%. 
Grading design to be met by the City of 
Mayweed's Park Contractor 

Prevent erosion and size drainage for the 
100-year predicted storm frequency 

The Rational Method analysis is used to size the 
drainage structure for the peak run-off flow rate. 
Drainage design to be met by the City of 
Mayweed's Park Contractor 

Design soil closure cover to support Terzaghi's equation is used to determine bearing 
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Soil Closure Cover Cross Section 

Design Criteria Basis of Design 

potential future vehicle loads for routine site 
maintenance and inspection and to support 
park activities and vegetative layer including 
trees 

capacity. Typical structural point load is 2,000 
pounds per square foot (psf). Bearing capacity 
requirements shall be met by the City of 
Mayweed's Park Contractor 

4.1.1 Universal Soil Loss Equation 

The Universal Soil Loss Equation is a widely accepted method used to evaluate the erosion 
potential of various soil cover materials. The governing equation is: 

A = R x K x L x S x C x P 

Where: 

A = Average annual soil loss, in tons/acre 

R = Rainfall and runoff erosivity index 

K = Soil erodibility factor, tons/acre 

L = Slope-length factor 

S = Slope-steepness factor 

C = Cover-management factor, and 

P = Practice factor. 

All of the variables can be determined from the tables and figures provided in Predicting Rainfall 
Erosion Losses (U.S. Department of Agriculture, 1978). Because the source of the cover 
material has yet to be determined, typical values for a local soil type capable of supporting 
vegetation are used. The soil variable values and additional details regarding the basis for these 
parameters and calculations are provided in Appendix B. 

The potential for significant erosion of the closure cover is evaluated by dividing the annual soil 
loss by an acre's total mass of the site's vegetated soil layer. The total mass of an acre's 
vegetated soil layer is equal to 2,259 tons, based on a unit weight of 1.4 tons per cubic yard and 
a thickness of 1 foot. The number of years required to erode 10 percent of this mass, at the 
annual soil loss of 0.01026 tons per acre, calculated using the Universal Soil Loss Equation, is 
over 20,000 years. Therefore, the erosion potential does not present a significant hazard to 
closure cover integrity. 

4.1.2 Non-Woven Geotextile Selection 

The addition of a non-woven geotextile layer below the soil cover will act as an indicator of 
excessive erosion and provide an additional layer to ensure the effectiveness of the soil cover. 
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In selecting the type of non-woven geotextile to be used as part of the soil closure cover, the 
following qualities were identified. 

• strength must support park activities and vegetation. 

• must be permeable. 

• must be textured and have traction to avoid creating a plane for slippage. 

• must have a minimum useful lifetime of 30 years. 

• must be able to be cut and replaced, for remediation system access and maintenance of 
Park utilities. 

• cost. 

U.S. Fabrics, Inc., Reed and Graham, Inc., and Amoco Fabrics and Fibers Co. were contacted 
and asked to provide a list of their recommended products that meet the above requirements. 
All companies were asked to submit specification sheets and cost data for their non-woven 
geotextile product lines so that they could be compared for the above quality criteria. Technical 
evaluation was performed separate from cost evaluation so that an overall "best value" product 
could be selepted. U.S. Fabrics non-woven geotextile "115 NW" was selected as being the best 
value. The U.S. Fabrics specification sheet, which offers a comparison to the Amoco non-woven 
geotextile "4556" is included in Appendix B. 

Sections of the non-woven geotextile will be sliced open in order to insert and install the 
irrigation system for the park. Outside of this, appropriate restrictions will be applied by the City 
of Maywood to minimize drilling, digging, or building over any part of the Pemaco Site. 

4.1.3 Bearing Capacity 

Future use of the site as Maywood Riverfront Park was considered in determining the loads for 
the cover structural analyses. The soil cover should be designed to support the load of general 
park activities. and occasional light vehicle traffic for routine maintenance and inspection. 
Bearing capacity of a soil is dependent on the soils strength and the geometry of the loading 
condition. For the purpose of these analyses, the typical structural load on the soil cover was 
assumed to be 2,000 psf for light traffic loads. This load capacity can sustain trucks driving over 
the soil cover for routine operation and maintenance (O&M) tasks such as inspection or repairs. 
The proposed grading and compaction plan for the Maywood Riverfront Park construction 
demonstrates that the soil cover will be able to accommodate light vehicular traffic loads without 
damaging the covers integrity. For additional information, refer to the Construction Plans for 
Riverfront Park, City of Maywood, CA (City of Maywood, 2004). 

4.1.4 Surface Water Management and Erosion Control Evaluation 

The site will be graded to a minimum of 1 percent slope (overall) to promote drainage. The 
proposed stormwater collection system, vegetation plans, and grading plan for the Maywood 
Riverfront Park construction demonstrates that surface water and erosion will be properly 
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managed. For additional information, refer to the Construction Plans for Riverfront Park, City of 
Maywood, CA (City of Maywood, 2004). 

4.1.5 Inspections and Maintenance 

Periodic inspections and maintenance will be necessary to assure the effectiveness of the soil 
cover. The inspection schedule and maintenance procedures for the soil cover area will be 
presented in more detail in the Operations and Maintenance (O&M) Plan for the Remedial 
Action. An abbreviated O&M schedule and maintenance procedure is outlined as follows: 

For the first two years following construction of the soil cover, routine quarterly inspections will 
be performed by qualified professionals and reported as part of the long-term monitoring 
program. To evaluate the soil cover system, maintenance items including vegetation and the 
erosion control system will be inspected regularly. After the first two years, the closure cover 
inspections will likely be reduced to formal annual inspections in combination with routine 
surface maintenance performed by the City of Maywood. 

Post-closure activities will include the completion of an annual inspection report which will be 
submitted to the appropriate regulatory agencies. An engineer will annually evaluate and 
document the condition of the cover. Items Which shall be evaluated are indicated below: 

Condition of vegetation 

Erosion 

Seepage 

Slope stability 

Condition of erosion control systems 

Post-remediation maintenance activities will be performed, if necessary, based on the results of 
post-remediation inspections or routine observations. Descriptions of the specific maintenance 
activities that will be completed, if necessary, are given below: 

• The soil cover will be repaired. The cover will be regraded as necessary to maintain 
appropriate thicknesses to prevent contact with the underlying soil. Additional material 
will be added as necessary. 

• Damage, washout, or erosion of the soil cover will be backfilled, compacted, and the 
grades will be reconstructed. 

• The soil cover will be fertilized, seeded, and regraded, or otherwise protected from 
erosion in the absence of vegetation. 

• Vegetation will be restored to any worn areas. 

• Damaged fences will be repaired and/or replaced. 

4.2 UPPER VADOSE SOIL AND PERCHED GROUNDWATER REMEDIATION 

The selected remediation method for treating upper vadose zone soils/perched groundwater 
utilizes a high-vacuum dual phase extraction (HVDPE) system for extracting groundwater and 
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soil vapor from the contaminated zone. Typical groundwater extraction wells screened through 
the contaminated soil and perched groundwater zones will be installed to remove contaminants 
in both the vapor and liquid phase. The HVDPE system will consist of twenty-seven dual phase 
extraction (DPE) wells to provide coverage over the contaminated upper soil and perched 
groundwater areas. The Extracted vapors shall be treated according to the methods prescribed 
in Section 4.5 - Vapor Treatment System Design. Extracted water will be treated according to 
Section 4.6 - Water Treatment System Design. 

The objectives of the HVDPE system are to satisfy the technical requirements and intent of the 
ROD. Specifically, the ROD states the following design objectives: 

• Reduce VOC mass in the upper vadose soil and perched groundwater remediation zone 
to a level that no longer threatens to contaminate groundwater at levels above MCLs. 

• Restore the groundwater quality in perched groundwater zone to drinking water 
standards (i.e. maximum contaminant levels, MCLs). 

• Prevent further off site migration of contaminated groundwater beneath additional 
adjacent properties. 

• Prevent further migration of soil vapor in excess of ARARs and standards that are 
protective of human health and the environment. 

HVDPE was determined to be the best technology to meet the ROD design objectives, as 
documented in the FS (TN&A, 2004a). The Upper Vadose Soil and Perched Groundwater Zone 
treatment area and criteria was based on sample locations that exceeded USEPA Region IX 
Soil SSLs DAF 20. This area was determined from the results of the RI/FS sampling activities 
and HVDPE Pilot Test (Refer to Section 2.6.3). The treatment area is shown as a plume map on 
Drawing C-1 and in this report in Figure 4-1. 

4.2.1 Perched Zone Remediation System Layout 

HVDPE well layout was based on the design Radius of Influence (ROI). The ROI is the 
maximum distance from a vapor extraction well at which sufficient air flow can be induced to 
sustain acceptable rates of remediation (as dictated by the desired or required remediation 
time). The ROI depends on many factors including the geometric configuration of extraction and 
vent wells, intrinsic permeability of the soil, soil moisture content, and desired remediation time. 
The best way to determine ROI is through a pilot test. Test data from the HVDPE pilot test 
performed in December 2002 (see Section 2.6.3) was analyzed to determine that an effective 
vapor extraction ROI for the upper vadose soil and perched zone sediments is 54 feet. Based 
on this data, the design spacing and layout of extraction wells was graphically determined, as 
shown in Figure 4-1. 

The layout of the HVDPE wells provides maximum coverage to areas where VOC 
concentrations exceed the ARARs, as shown in Figure 4-1. The areas of overlapping coverage 
provide a factor of safety that will assure all plume areas will be targeted. 
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4.2.2 Well Design and Construction 

The 27 HVDPE wells to be installed within the upper vadose soil and perched groundwater 
zone, PA-1 through PD-9, are designed as four-inch diameter wells with ten-foot screen 
intervals. The Perched Zone well installation schedule is shown on Drawing C-3. Adjustment to 
screen intervals and design depths will be made (in the field) according lithesome observations 
made by the installing geologist or engineer. Field adjustments will assure system optimization 
and prevent symptoms like short circuiting (not expected to be an issue because of depth and 
lithology). 

Well installation shall follow the TN&A Standard Operating Practice for Well Installation 
(Appendix C) and Technical Specification Section 02525N - Extraction and Monitoring Wells. In 
general. Perched Zone well screens will have 0.020-inch slots and extend 0.5 feet into the 
perching clay layer. A filter pack comprised of #2/12 sand will be used to fill the annulus one foot 
above the top of the screen to the bottom of the borehole. The wells will be drilled with a 10.25 
inch diameter hollow-stem auger. All perched HVDPE well casings and screens external to the 
heated ERH zone will be constructed using Schedule 40 PVC. Refer to Drawing C-6 for the 
Perched Zone well section and details. 

As discussed in Section 4.3.4, portions of the perching clay within the ERH zone will be heated 
to approximately 212°F (100 degrees Celsius). All perched HVDPE well casings and screens 
within the heated ERH zone, are anticipated to be constructed using Schedule 40 CPVC or 
steel, based on final determination by the ERH Contactor. 

The "drop tube" method for HVDPE shall be utilized in all Perched Zone wells, since it was 
successfully demonstrated in the HVDPE Pilot Test (TN&A, 2003a). A one-inch diameter PVC 
suction pipe ("stinger") will be placed within the well casing and will terminate 0.5 feet before the 
bottom of the well casing. The suction pipe will have approximately twelve 1/8 inch drilled holes 
interspersed along the last two feet of the drop tube to facilitate entrainment of water. Suction 
pipes used in the Perched Zone wells within the ERH area will be made of Schedule 40 CPVC 
to withstand any excessive heat from the ERH system. 

An important pneumatic factor that was considered to assure successful entrainment of water in 
the vapor extraction stream is the drop tube size. Entrainment of liquid droplets in a vapor 
stream and subsequent extraction from a well requires linear vapor velocities in excess of 15 
feet/sec. A good design velocity should be significantly greater than the minimum, or 
approximately 27 feet/sec (USACE, 1999). The drop tube diameter will determine the velocity, 
since velocity equals flow divided by area (V = Q/A). Based on this formula, a 1-inch drop tube 
will require 8.95 cfm (approximately 9 cfm) of vapor flow to provide a good design linear velocity 
up the drop tube. Additional information pertaining to vapor flow and blower sizing is contained 
in Section 4.5.2. 

Instructions from the City of Maywood Park Contractor require that the well vaults be installed 
flush to the existing grade. The Park Contractor will hydroseed around well vaults within the 
Park surface. All wells installed in roadways will also be finished flush to grade in accordance 
with details provided on Drawing C-4, trench cross section E, for excavations performed in 
roadways. 
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4.2.3 Perched Zone HVDPE System Mass Removal Estimates 

Mass removal estimate calculations were determined from contaminant concentrations 
measured during the HVDPE Pilot Test. Refer to Table 4-1 for the measured VOC 
concentrations and the calculated mass removal rate. 

According to Table 4-1, a mass removal rate of 0.016 lbs/day per Perched Zone well can be 
expected as shown from the table calculations. This rate was used as the basis for the 
calculation of total VOC mass removed per day, which is shown in the vapor extraction design 
worksheet on Table 4-2. Using a design flow of 10 scfm (explained in Section 4.5.2) the total 
removal rate for the HVDPE system is 4.32 lbs/day or 2,763 lbs after five years of operation. 
The basis for these calculations is explained in Table 4-2 comments and footnotes. It is 
recognized that these numbers may increase by 1 to 2 orders of magnitude depending on the 
final ERH design. 

The second half of Table 4-2 shows the HVDPE mass removal over a five year period assuming 
exponential decay of contaminant concentration. The basis for the exponential decay model is 
based on company experience on similar projects. This table provides carbon corruption 
estimates for years two through five when the FTO is anticipated to be replaced by GAC 
treatment. 

4.3 LOWER VADOSE SOIL AND EXPOSITION GROUNDWATER REMEDIATION 

The selected remediation method for treating lower vadose zone soils and Exposition 
groundwater utilizes a vacuum enhanced groundwater extraction system for extracting 
groundwater and soil vapor from the contaminated zone. Removal of contaminants from lower 
vadose zone soils will be primarily addressed through the ERH system design. Refer to Section 
4.3.4 for the discussion of the ERH system. Groundwater extraction wells screened through the 
Exposition groundwater zones will be installed to remove contaminants in both the vapor and 
liquid phase. The vacuum enhanced groundwater extraction system will consist of 33 extraction 
wells and will provide coverage over the Exposition groundwater plume areas. The wells are 
designated "DA," "DB," or "DAB," according to the intended treatment zone targeted, by the well 
as follows: 

• Twelve vacuum enhanced groundwater extraction wells will be screened through the 'A' 
Zone (DA-1 to DA-12); 

• Twelve vacuum enhanced groundwater extraction wells will be screened through the 'B' 
Zone (DB-1 to DB-12); 

• Eight vacuum enhanced groundwater extraction wells will be screened through both the 
A ' and 'B' Zones (DAB-1 to DAB-8); and 

• Two existing groundwater wells (MW-24-140 and MW-24-110) that are screened through 
the ' C and 'D' Zones may be used for extraction if monitoring data indicates 
contamination as discussed in Section 4.3.2). 
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The extracted vapors shall be treated according to the methods prescribed in Section 4.5 -
Vapor Treatment System Design. Extracted water will be treated according to Section 4.6 -
Water Treatment System Design. 

The objectives of the vacuum enhanced groundwater extraction system are to satisfy the 
technical requirements and intent of the ROD. Specifically, the ROD states the following design 
objectives: 

• Reduce VOC mass in the lower vadose soil and Exposition groundwater remediation 
zone to a level that no longer threatens to contaminate groundwater at levels above 
MCLs. 

• Restore the groundwater quality in Exposition groundwater zone to drinking water 
standards (i.e. maximum contaminant levels, MCLs). 

• Prevent further off site migration of contaminated groundwater. 

• Prevent further migration of soil vapor in excess of ARARs and standards that are 
protective of human health and the environment. 

Vacuum enhanced groundwater extraction was determined to be the best technology to meet 
the ROD design objectives, as documented in the FS (TN&A, 2004a). The lower vadose soil 
and Exposition Zone groundwater treatment area and criteria was based on vacuum enhanced 
groundwater extraction which will be used to remediate groundwater contamination within the 
area mapped by the 10 /yg/L TCE isoconcentration lines shown on Drawing C-1. Monitored 
natural attenuation (MNA) will be used outside the 10 /yg/L TCE contour line to demonstrate 
plume reduction and/or point of compliance. The plume was determined from the results of the 
RI/FS sampling activities. 

4.3.1 Lower Vadose and Exposition Zone Remediation System Layout 

The vacuum enhanced groundwater extraction well layout was based on the design capture 
zone which was determined from the observed radius of capture (ROC) and cross-gradient 
width of capture (WOC). The downgradient ROC and the cross-gradient WOC are considered 
the maximum reliable distance from a groundwater extraction well at which sufficient 
groundwater capture can be sustained over time. The ROC and WOC depend on many factors 
including the geometric configuration of extraction wells, hydraulic conductivity, porosity, 
hydraulic gradient and desired remediation time. The ROC and WOC were determined in the 
Aquifer Test referenced in Section 2.6.1. 

The vacuum enhanced groundwater extraction well layout for the Exposition A ' and 'B' Zones 
was determined using a graphic approach which consisted of situating scaled ROC shapes over 
the plume area until adequate coverage was provided. The layout of the vacuum enhanced 
groundwater extraction wells provides maximum coverage to areas where VOC concentrations 
exceed the ARARs, as shown in Figure 4-2. The areas of overlapping coverage provide a factor 
of safety that will assure all plume areas will be targeted. The estimated capture zones are 
intended to represent a finite distance in the down-gradient and cross-gradient direction. The 
upgradient capture zone is time dependent and will eventually include all contaminated zones 
upgradient of the extraction well. 
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Although the Aquifer Test indicated an average ROC of 124 feet and average cross-gradient 
WOC of 389 feet for the 'A' and 'B' Zones, the actual design was based on the more 
conservative minimum calculated downgradient ROC of 46 feet and minimum calculated cross-
gradient WOC of 146 feet. The Exposition A ' and 'B' Zone wells are designed to intercept 
groundwater flowing in a southwesterly direction, which is representative of the average 
hydraulic gradient of the composite A ' and 'B' Zone plume map (Figure 4-2). Hydraulic 
gradients in the 'A' Zone have ranged from 0.0043 to 0.011 feet/feet from May 2001 to April 
2002. Hydraulic gradients in the 'B' Zone ranged from 0.0063 to 0.0092 feet/feet from May 2001 
to April 2002. Apparent groundwater flow directions have been consistently towards the 
southwest and south southwest. 

The groundwater extraction well capture zone for the Exposition 'D' Zone was based on 59.2-
foot downgradient ROC and 166.04-foot cross-gradient WOC as estimated by calculating the 
average hydraulic conductivity for each Exposition zone and using the observed aquifer 
thickness of the 'D' Zone. The Exposition 'D' Zone well is designed to intercept groundwater 
flowing in a southwesterly direction from the only area where VOC contamination has been 
detected, as shown in Figure 4-3. Refer to Section 2.5.2.4 for the information pertaining to 
detected contaminants in the 'D' Zone. The hydraulic gradient in the 'D' Zone is estimated at 
0.0013 feet/feet in the south southwest direction. 

4.3.2 Lower Vadose Soil and Exposition Aquifer Well Design and Construction 

The 33 vacuum enhanced groundwater extraction wells to be installed within the Exposition 
Aquifer, (D/VDB-1 to D/VDB-12, DAB-1 to DAB-8 and MW-24-140), are designed as six-inch 
diameter wells. Well installation shall follow the Standard Operating Practice for Well Installation 
(Refer to Appendix C) and the Technical Specification Section 02525N - Extraction and 
Monitoring Wells. All vacuum enhanced groundwater extraction wells will be installed with ten-
foot screen intervals with the exception of the "DAB" wells which will have 20-foot screen 
intervals. The Exposition Aquifer well installation schedule is shown on Drawing C-3. 

Adjustment to screen intervals and design depths will be made (in the field) according to 
lithesome observations made by the installing geologist or engineer. Field adjustments will 
assure contaminated intervals are properly targeted and prevent cross-contamination between 
zones. 

In general. Exposition Aquifer well screens will have 0.020-inch slots and extend one foot into 
the lower confining layer. A filter pack comprised of #2/12 sand will be used to fill the annulus 
three feet above the top of the screen to the bottom of the borehole. The wells will be drilled with 
a 12.25-inch diameter hollow-stem auger. Extraction well casings and screens within the A ' 
Zone and external to the heated ERH Area will be constructed using Schedule 40 PVC. 
Extraction well casings and screens within the 'B' Zone that are external to the ERH Area will be 
constructed using Schedule 80 PVC which offers more rigidity for these deeper wells. Refer to 
Drawing C-8 for the Exposition Aquifer well section and details. 

The lower vadose soil and Exposition groundwater within the ERH Area will be heated to 
approximately 212°F (100°C) by the ERH system. All vacuum enhanced groundwater extraction 
well casings and screens within the heated ERH Area are anticipated to be constructed using 
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Schedule 80 CPVC or steel, based on the final determination by the ERH Contactor. In addition, 
all groundwater pumps will be designed to tolerate the heat conditions. 

Groundwater extraction is expected to be enhanced by vapor extraction as demonstrated by the 
HVDPE Pilot Test. The HVDPE Pilot Test showed that flows increased from 0.25 gpm (no 
vacuum applied) to 1.1 gpm (with vacuum applied) in the 'A' Zone and from 1.1 gpm (no 
vacuum applied) to 2.0 to 2.5 gpm (with vacuum applied) in the 'B' Zone. Average influent 
concentrations were also higher during vacuum enhanced groundwater extraction as influent 
concentrations reached a maximum of 900 ppmv. These results indicate that vacuum enhanced 
groundwater extraction is more efficient than groundwater extraction by itself for the lower 
vadose soil and Exposition groundwater zones. A 3.5 inch diameter pneumatic pump capable of 
delivering 2.8 gpm at 180 feet of water column (w.c.) will be used to extract groundwater for 
treatment. 

Instructions from the City of Maywood Park Contractor require that the well vaults be installed 
flush to the existing grade. The Park Contractor will hydroseed around well vaults within the 
Park surface. All wells installed in roadways will also be finished flush to grade in accordance 
with details provided on Drawing C-4, trench cross section E, for excavations performed in 
roadways. 

4.3.2.1 Liquid Phase Mass Removal (from Lower Vadose and Exposition Zone) 

VOC mass removal estimates for groundwater extraction were determined from average 
contaminant concentrations measured from selected representative wells in both the "source 
area" and "containment area." The representative wells are listed in Table 4-3. Generally, wells 
along 60'̂ ^ Street are considered "containment area" wells and wells within the park boundary 
are considered "source area" wells. Using the representative wells, average VOC 
concentrations for the Exposition Zones A ' , 'B', and combined A ' and 'B' groundwater were 
determined. Refer to Table 4-3 for the basis of the calculation and refer to Drawing C-1 for the 
representative well locations. 

The average VOC concentrations in groundwater were used in calculations shown in Table 4-4 
in order to estimate the mass removal rate in pounds per day. The Exposition 'D' Zone 
concentration was determined from the one 'D' Zone data point (well MW-24-140) that 
contained concentrations of VOCs above the MCLs. Note that the D Zone data is anomalous 
and likely a result of cross-contamination between zones during well installation. Future data 
collection from the D Zone will be used to assess actual impact and the remedial design will be 
modified accordingly. Based on the Table 4-4 spreadsheet calculations and footnote 
clarifications, a total mass removal rate of 2.71 lbs/day can be expected from the groundwater 
extraction system. The Justification for the groundwater pumping rate used in Table 4-4 for the 
different Exposition zones is provided in Section 4.6.2. It is estimated that this mass removal 
rate may increase by one to two orders of magnitude depending on the final ERH design. 

A VOC mass removal rate of 2.71 lbs/day was used as the basis for the average first year mass 
removal rate shown in Table 4-5. Using a design flow of approximately 47.1 gpm (explained in 
Section 4.6.2) the total removal rate for the extraction system after five years of operation is 
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estimated to be 2,175 lbs. The basis for these calculations is explained in the Table 4-5 
footnotes. 

Table 4-5 also shows the groundwater mass removal rate and the estimated liquid phase 
carbon usage over a five year period assuming contaminant concentration decreases 
exponentially. The basis for the exponential decay model is company experience on similar 
projects. Furthermore, groundwater concentrations are likely to reach RAOs (MCLs) by year five 
as a result of ERH treatment or by exercising the option to inject oxidants. Table 4-5 also 
provides carbon usage estimates for the GAC treatment system. 

4.3.2.2 Vapor Phase Mass Removal (from Lower Vadose and Exposition Zone) 

VOC mass removal estimates from vapor extracted from the Exposition Zone wells were 
determined from the average vapor phase VOC concentration measured from one A ' Zone and 
one 'B' Zone well during the HVDPE Pilot Test. Refer to Drawing C-1 to find the well locations. 
The representative wells are listed on Table 4-1 and represent "source area" conditions; i.e., 
higher than average VOC concentrations and mass loadings. An average of the mass loading 
rate (5.35 lbs/day), calculated in Table 4-1, was used in Table 4-6, to calculate an estimated 
128.40 lbs/day of VOCs would be removed from the Exposition Zone via vapor extraction. Refer 
to the Table 4-6 footnotes for justification of this rate, which has been reduced by 25% to 
account for concentration spikes observed on the first day of the HVDPE operation. It is not 
anticipated that this rate would increase more than one order of magnitude as a result of ERH 
operation because significantly more ERH vapor extraction wells would be located closer to the 
source area. 

A VOC mass removal rate of 128.4 lbs/day was used as the basis for the average first year 
mass removal rate shown on the Vapor Phase Mass Removal From Groundwater and Carbon 
Usage Worksheet (Table 4-6). Using a design flow of approximately 7 scfm (explained in 
Section 4.5.2) the total removal rate for the extraction system after five years of operation is 
estimated to be 87,016 lbs. The basis for these calculations is explained in the Table 4-6 
comments and footnotes. 

Table 4-6 indicates the estimated vapor mass removal rate over a five year period decreases 
exponentially. The basis for the exponential decay model is company experience on similar 
projects. Furthermore, vapor concentrations are decrease rapidly by year five as a result of ERH 
treatment or by exercising the option to inject oxidants. Table 4-6 also provides carbon 
consumption estimates that were useful in estimating carbon demand for post-FTO vapor 
treatment. The FTO will be taken offline following ERH treatment, when mass removal rates are 
anticipated to significantly decrease to the point where carbon is more economical. The criteria 
for the determination of this point will be discussed in the Remedial Action Work Plan. 

4.3.3 Exposition Zone ERH System Design 

Electrical Resistance Heating (ERH) utilizes electrodes that are inserted directly into 
contaminated soil. The electrodes heat the soil and groundwater to approximately 212°F 
(100°C). Contaminants are removed from the subsurface through multiple processes, including 
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volatilization and in-situ steam stripping, and are collected at the surface via vapor extraction for 
treatment. 

At Pemaco, ERH will be used to treat the Lower Vadose Zone soil and Exposition groundwater 
plume with highest concentrations of VOCs, per the Rl and supplemental CPT/MIP 
investigation. The highest concentration area, which is referred to as the source area or "core", 
is defined by mapped isoconcentration contour lines which represents >10,000 /yg/L of TCE in 
groundwater and the CPT/MIP source area data which represents > 10,000 parts ppb (vapors in 
soil), and the CPT/MIP data representing intervals greater than 10-feet thick with TCE response 
curves greater than 20,000 intensity counts. The source area and the combined plumes 
representative of the "core" are shown on Figure 4-4. The source area 'lootprint" covers 
approximately 13,200 sq ft in the south portion of the former Pemaco property. The ERH 
system, consisting of approximately 95 electrodes, 36 vapor extraction wells, and 30 
temperature monitoring/air monitoring wells will be installed within this area. 

Currently there are three contractors in the United States that design, build and operate ERH 
systems. The USEPA and USACE worked to review proposals from all three of these 
companies and selected Thermal Remediation Services (TRS) to conduct the ERH remediation 
at the Pemaco Site. TRS has performed a supplemental Design Report for the ERH system at 
Pemaco in which the ERH design is detailed. The reader will be referred to that document for 
more detailed descriptions of the ERH implementation. 

Application of ERH will affect several design criteria associated with the vacuum enhanced 
groundwater extraction system in the Lower Vadose and Exposition Aquifer within the ERH 
treatment area. Design criteria that have been adjusted to accommodate ERH treatment 
include: 

• Well construction materials/details 

• Well spacing 

• Piping details 

• Water and vapor flow rates 

• Treatment system modifications 

The high vacuum soil vapor and groundwater extraction wells are spaced on a significantly 
tighter grid and are screened in numerous discrete stratigraphic intervals within the ERH 
treatment area to ensure capture of all vapors/steam generated during the ERH process. The 
well screens and conveyance piping that will be affected by ERH heating are specified as 
Chlorinated Polyvinyl Chloride (CPVC) piping. The treatment compound design flow rates have 
been increased to accommodate ERH system effluent. In addition, some flexibility has been 
incorporated into this design package so that efficiency associated with "design/build" projects 
can be realized. Refer to the TRS Design Report for more detail. 
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4.4 PIPING AND TREATMENT COMPOUND DESIGN 

4.4.1 Piping and Conveyance System Design 

The complete piping system layout for both the perched HVDPE system and the vacuum 
enhanced groundwater extraction system (Exposition Aquifer) is presented in Drawing C-3. In 
general, the.trench and pipe layout is divided into three separate trenches, which are referred to 
in the Drawings and Specifications as the east, west, and south trenches. 

The criteria used to design the pipeline layout and three-trench system were to: 

Provide the most direct route to connect wells; i.e., minimize trench length 

Balance the number of wells per header and trench 

Minimize trench width to allow faster excavation runs 

Minimize piping cross-overs and -unders 

Avoid the proposed Park facilities, utility corridors, and obstructions 

Minimize disturbance to the proposed Park and vicinity. 

The three trenches will be laid out in the field using the stationing and construction surveying 
methods shown in Drawing C-2. The trench and pipeline depth profile, shown in Drawing C-5, 
was designed using the following criteria: 

• All pipelines are to be below Park irrigation (1.5 feet bgs) and electrical (2 feet bgs) 
systems 

• Avoid subsurface obstructions such as: the foundation of District Boulevard, existing 
utilities, proposed drainage structures, and the proposed Park dry pond 

• Maintain a slope of approximately 0.5% towards the treatment compound 

• Minimize low points aside from the treatment compound 

• Minimize depths greater than 5-feet and shoring requirements 

• Allow for sufficient cover to protect pipelines. 

4.4.2 Pipe Material Selection 

Treatment system piping will convey extracted soil vapor to the treatment compound at service 
vacuums ranging from 13 to 27 inches of mercury (in Hg), depending on location in the network. 
Groundwater will be conveyed in piping that is under positive pressure, generally less than 5 
pounds per square inch (psi). The most economical piping material suitable for this type of 
application includes Scheduled 40 or 80 Polyvinyl Chloride (PVC), or CPVC for high 
temperature applications. Of these. Schedule 40 PVC is suitable for most of the treatment 
system piping, including all conveyance piping in the south trench, beneath 60'^ Street. The 
following items were considered when selecting piping material type and are based on 
manufacturer's data: 
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• Working pressure and vacuum - Schedule 40 PVC piping is suitable for most vacuum 
applications; even if servicing a complete (hypothetical) vacuum, external atmospheric 
pressure would not collapse the piping. 

• Working temperature - For temperature loading, the maximum service temperature of 
Schedule 40 PVC is 140°F, making it suitable for nearly all connection piping to the 
treatment compound aside from ERH piping areas (East Trench). It is anticipated that 
CPVC piping will be used for ERH impacted lines - depending on the Final ERH Design. 
For ERH areas, CPVC piping will be used. CPVC has a maximum service temperature 
of 210°F. As a factor of safety, and to compensate for any potential reactions from the 
heated contaminants, all pipes conveying water or vapor in excess of 100°F will be 
constructed of CPVC or materials recommended by the ERH Contractor. 

• Vertical loading on buried pipe - Schedule 40 PVC has a compressive strength of 8,300 
pounds per square inch (psi), or 1.2 x 106 pounds per square foot (psf). The table below 
summarizes H-20 and H-25 live loading pressures on buried pipe. Even at a minimum 
depth of 1-foot, H-20 and H-25 load pressures are significantly below the compressive 
strength of Schedule 40 PVC. Therefore, loads from activities around the park should 
not affect the selected pipe materials. 

L VE LOADS ON BURIED PIPING* 
Depth of Cover Load (psf) 

(feet) H-20 H-25 

1 1800 2280 
2 800 1150 
3 600 720 
4 400 470 
5 250 330 
6 200 240 
7 175 180 
8 100 140 
9 - 110 

Source: Lane Enterprises *See ASTM A796 

• Cost - Schedule 40 PVC is considered to be inexpensive piping and is commonly used 
for commercial, industrial, and environmental applications. 

The design of the perched HVDPE piping system and the vacuum-enhanced groundwater 
extraction system is detailed in graphic format in Drawings M-2 and M-3, respectively. In 
addition, pipeline summary details are provided in Pipeline Summary Table 15400-1 located in 
Specification 15400 - PROCESS PIPING (Appendix A) contains all the design conditions and 
construction materials for every foot of pipe in the system. 

Secondary containment or double walled pipe will be used to convey all groundwater to prevent 
any unintended discharges to the environment. Double walled pipe is not considered necessary 
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to convey vapor and condensate in the vapor pipelines because it will be under vacuum, and is 
therefore, considered self containing. All pipelines will under go hydrostatic testing to test for 
leaks prior to being placed in service in accordance with Specification 15400 - PROCESS 
PIPING. 

4.4.3 Pipe Diameter Selection 

The design basis for the selection of pipe diameter as detailed in the Pipeline Summary Table 
15400-1 located in Specification 15400 - PROCESS PIPING (Appendix A) falls into three 
criteria: 

• Available pressure drop 

• Velocity limitations 

• Economic selection 

All pipelines were initially designed using typical pressure drops referenced in literature as a 
guideline. This was followed by comparison to the system available pressure drop. The general 
design tenet of this method is to use the minimum size line that will use as much as the 
available pressure-drop as possible. This concept incorporates economic selection since pipe 
costs increase almost exponentially with diameter. 

4.4.3.1 HVDPE and VE Pipe Diameter Selection 

The HVDPE [used synonymously with dual phase extraction (DPE)] and VE conveyance 
pipeline diameters were generally selected to ensure the pressure drop (due to friction) was at 
or below the design criteria of 0.25 psi/100 feet (Parsons, 1976). This pressure drop value is 
associated with velocities ranging from 200 to 250 feet/sec. In DPE piping, where significant 
amounts of water are being carried with the vapor, high velocities can lead to slug flow of 
condensate within pipelines. In order to avoid slug flow, the design velocity was reduced (by 
increasing pipe diameters) to a range between 30 and 80 feet/sec, with exception to velocities in 
the drop tubes, which may be higher. 

Calculations for friction loss (head loss) were performed using the Darcy-Weisbach equation 
and the calculations were confirmed with a computer model using general gas laws and 
formulas. The results of the head loss calculations are documented in Table D-1 DPE Head 
Loss Calculation and Table D-2 VE Head Loss Calculation spreadsheets attached in Appendix 
D. The computer model confirmation, literature, and equivalent pipe length literature are also 
included in Appendix D. 

The friction loss calculations and pipe size selection assumed a design flow of 10 scfm per well 
for the DPE wells and 7 scfm for the VE (DA-, DB-, DAB-) wells. The pipe lengths and 
diameters that were selected are shown in Table 15400-1 (Specification 15400 in Appendix A). 

4.4.3.2 Groundwater Extraction Pipe Diameter Selection 

Groundwater conveyance pipeline diameters were generally selected to ensure the pressure 
drop (due to friction) was at or below the design criteria of 1 psi/100 ft (Parsons, 1976). 
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Calculations for head loss were performed using the Darcy-Weisbach equation and the 
calculations were confirmed with a computer model using general gas laws and formulas. The 
results of the head loss calculations are documented in Table D-3 - Groundwater Head Loss 
Calculation spreadsheet attached in Appendix D. The computer model confirmation, literature, 
and equivalent pipe length literature are also included in Appendix D. 

Since the selected pneumatic well pumps discharge groundwater at rates nearly double the 
anticipated groundwater extraction rates (see Section 4.6.4), the friction loss calculations and 
pipe size selection were based on doubled averaged groundwater extraction flow rates as 
indicated in Table 4-13. The pipe lengths and diameters that were selected are shown in Table 
15400-1 (Specification 15400 in Appendix A). 

4.4.3.3 Compressed Air Pipe Diameter Selection 

The compressed air conveyance pipeline diameters were generally selected to ensure the 
pressure drop (due to friction) was at or below 2 percent/100 feet. 

Calculations for head loss were performed using the Darcy-Weisbach equation and the 
calculations were confirmed with a computer model using general gas laws and formulas. The 
results of the head loss calculations are documented in Table D-4 Groundwater Head Loss 
Calculation spreadsheet attached in Appendix D. The computer model confirmation, literature, 
and equivalent pipe length literature are also included in Appendix D. 

Since the selected pneumatic well pumps discharge groundwater at rates nearly double the 
anticipated groundwater extraction rates (see Section 4.6.4), and therefore, consume nearly 
double the compressed air, the friction loss calculations and pipe size selection were based on 
doubled the anticipated compressed air flow rates as indicated in Table 4-13. The pipe lengths 
and diameters that were selected are shown in Table 15400-1 (Specification 15400 in 
Appendix). 

4,4.4 ERH Area Connection Piping Design 

In general. Schedule 40 CPVC piping will be used where extracted soil-vapor and groundwater 
temperatures are above 140°F. The CPVC piping is generally specified to temperatures up to 
210°F. Schedule 40 PVC pipes will be used where extracted soil-vapor and groundwater 
temperatures are expected to be below 140°F. 

All connection piping within the ERH area will be specified and designed by the ERH Contractor. 
There will be several service pipelines from the ERH area to the treatment compound that will 
be constructed according to the ERH Contractors specifications. A chiller/condenser unit, which 
will be provided by the ERH Contractor, will cool all extracted vapors and water condensate in 
the ERH area before they are transferred (via piping) to the treatment compound. Effluent from 
the ERH chiller/condenser unit will have an average temperature of 70°F. Therefore, vapors 
and water condensate transported from the ERH Area will generally meet the specifications for 
transport via Schedule 40 PVC. However, as a factor of safety, in the event of a malfunction in 
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the chiller/condenser, CPVC ping has been specified for the ERH area conveyance piping. 
Drawing M-3 details the diameter and construction material for each section of connection 
piping. Lateral piping from the wells to the treatment system will be sloped toward the treatment 
system to allow entrained water and condensate to be collected in the knockout drum. 

4.4.5 Treatment Compound 

4.4.5.1 Pre-Engineered Steel Building 

Selection of a pre-engineered steel building for housing the treatment compound was based on 
consideration of several factors, including: 

Ease of design and installation options 

Competitive cost per square foot of building 

Alterable design to meet floor plan requirements 

Exposed-column construction provides options for conveyance system bracing 

Exterior color and paneling schemes available to match Park architecture 

Building standards meet seismic and wind-loading requirements for Los Angeles 

Refer to Drawing C-11 for the proposed treatment building design. The building will be 
engineered according to Section 13120 - Pre-engineered Steel Buildings. Steel fabrication will 
be performed according to Section 05055 - Metal Fabrication. 

4.4.5.2 Treatment Compound Foundation 

The treatment compound foundation was designed to support all of the treatment equipment 
(Drawing M-4) and also act as secondary containment in conjunction with the perimeter berm. 
The weights of each major piece of equipment, fully loaded with water or intended contents, is 
shown in Table 4-10. 

The treatment compound was designed with a 10" thick concrete floor for the following reasons: 

• An allowable bearing capacity of 2,000 psf was assumed considering that the location of 
the treatment compound was close to a major river and was within a very high seismic-
activity area. After subgrade amendment and compaction, the allowable foundation and 
lateral pressure of 2,000 psf as stated in the Uniform Building Code, will be met. 

• The treatment compound floor is planned as part of a mat foundation with a thickened 
section below the building columns. 

• The building structure is to be supplied by a pre-engineered metal building supplier who, 
by specification requirement, will provide the engineering analysis of the building and 
foundation and has the final responsibility for sizing the building foundations. 

• The floor loading consists of process equipment, storage tanks, and moving forklift 
wheel reactions which can be located anyplace within the floor area. 

• The floor is designed per ACI 318, Building Code for Structural Concrete for a Minimum 
Coefficient for Shrinkage and Temperature Reinforcement of 0.0018. 
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• For a building 50 feet by 80 feet, reinforcement and control joints are provided to control 
concrete shrinkage and temperature effects that would otherwise cause unacceptable 
micro cracks in the floor slab and excessive leaking. 

• Steel reinforcement is provided to minimize micro crack widths to less than 0.035-
inches, so aggregate interlock occurs and shear forces will be transferred across the 
crack. 

• The critical loading condition that controls the floor thickness occurs along the control 
joints and at the building columns from seismic loading. 

A value engineering assessment examined the size, construction dimensions and slab 
thickness of the treatment compound in an effort to reduce the overall cost of the treatment 
compound installation. Cost savings were achieved by reducing the volume of liquid to be 
contained as a result of a spill or leak in the tank. This involved the following design changes: 

• Reduction of the height of the concrete berm around the perimeter of the building from 
12 inches to 4 inches, 

• Elimination of the need for the walkway which reduced the building length by 4 feet, 

• Reduction of the volume of concrete under the raised floor area by 50 percent, 

• Reduction of the concrete volume of the ramp by 75 percent, and 

• Elimination of the need for railings. 

A reduction in floor thickness from ten inches to six inches was considered and would have 
reduced the construction cost by $4,000; however, the floor thickness will not be reduced as the 
cost of engineering required to review all of the loading conditions for the six inch floor would, in 
part, consume the construction cost savings. 

A four-inch concrete containment berm will be constructed around the treatment compound to 
provide secondary containment in an overflow situation or similar failure scenario. The concrete 
will be finished with a water-sealant coating. The water-holding capacity of the containment 
berm is over 7,000 gallons. Water level indicators will be used for monitoring the containment 
sump. The water from the containment sump will be conveyed through filters and discharged to 
the holding tank by the sump pump. The sump pump is rated for a minimum of 30 gpm at 35 
feet of total dynamic head. Reference calculations and specifications for the water holding tank 
and containment wall are provided in Appendix E. Additional sump pump specifications are 
provided in Table 4-11. 

The level controls in the containment sump will perform the following functions: 

• When water level drops below the low level set point, the low level switch will activate 
and the PLC will shutdown the sump pump. 

• At the high water level set point, the high level witch will activate and the PLC will start 
the sump pump. 

• In the event that the water level reaches the high/high set point, the level will activate 
and the PLC will shut down the entire system as a safety precaution. 
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4.5 VAPOR TREATMENT SYSTEM DESIGN 

The vapor treatment system will consist of equipment, piping, and instrumentation as specified 
in the General Piping and Instrumentation Diagram (P&ID) Drawing M-1, Equipment and 
Instrumentation Specification Summary (Table 4-11), and Major Equipment Specifications 
(Table 4-12). The vapor treatment system will eliminate contaminants from extracted vapor 
using a Flameless Thermal Oxidizer (FTO) and granular activated carbon (GAC). The FTO will 
be purchased as a complete system including the acid-gas scrubber and necessary controls 
and instrumentation. 

Vapors will be extracted from the subsurface using parallel blower units that are discussed in 
Section 4.5.2. The extracted vapors will be conveyed via subsurface piping to an eight-inch 
manifold in the treatment compound (Drawing M-4). 

Effluent from the FTO and attached scrubber will be further treated to remove potential ultra-low 
concentrations of dioxin and furan contaminants in a polishing step consisting of GAC. 
Following the GAC, treated vapor will be discharged to the atmosphere at a minimum height 
above ground surface of 25 feet. The following subsections outline the design basis for the 
major vapor treatment system components: 

Influent Concentrations 

Vacuum Extraction Rate And Blower Sizing 

Moisture Separator 

Flameless Thermal Oxidizer System 

Vapor Conditioning Package 

Vapor-Phase Granular Activated Carbon 

FTO Emission Specifications 

Treatment Schedule 

4.5.1 Influent Concentrations 

Vapor sampling results from the HVDPE pilot test are provided in Table 4-1. This table indicates 
VOC concentrations (ppmv) that can be expected upon start up of the HVDPE system and the 
vacuum enhanced groundwater extraction system. The combined vapor phase VOC loading 
estimated from both systems is 132.7 pounds per day (Table 4-2 and Table 4-6). Refer to 
Sections 4.2.3 and 4.3.3 for the basis for the estimated vapor phase loading rate. This initial 
loading rate is well below the maximum loading rate specified by the FTO manufacturer 
(approximately 75 lbs/hour). It is recognized that operation of the ERH system may significantly 
increase this value; however, by the time ERH operation begins, initial concentration spikes 
from previously operating vapor extraction system will have dramatically decreased. Refer to the 
Remedial Action Schedule discussed in Section 5.10 for operational timeframe. 
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4.5.2 Vapor Extraction Flow Rate and Blower Sizing 

Documented experience at many sites indicates a liquid ring pump is an economical and 
effective pump (blower) for achieving HVDPE goals. The primary factor for sizing the liquid ring 
blower for a full-scale HVDPE system is the volumetric flow rate of soil vapor necessary for the 
extraction of fluids from the wells via the drop tube. 

From Section 4.2.2, design for entrainment of liquid droplets in a vapor stream and subsequent 
extraction from a well requires linear velocities in the drop tube of approximately 27 feet/sec 
(USACE, 1999). Based on a drop tube diameter of 1 inch, 9 cfm of vapor flow will provide more 
than the requisite linear velocity in the drop tube. 

Sizing of the blower was performed with consideration of the Perched Zone HVDPE 
requirements as well as the less rigorous vacuum enhanced groundwater extraction 
requirement from the Exposition Zone wells. Refer to Table 4-7 for the blower sizing 
calculations. It was assumed that all 27 HVDPE wells in the Perched Zone require a flow of 10 
scfm (includes factor of safety). It also assumes that on average, a flow of 7 scfm would be 
acceptable for the Exposition Zones wells, particularly since approximately 25% of them are 
outside the 100 ppb plume area; e.g., the wells along 60'*̂  Street. Contaminant removal may not 
be accelerated or made more economical by adding VE to these wells; however the option has 
been built into the design and will be assessed during system optimization. Flexible design 
elements will allow vacuum and flow to be conserved in some areas and directed to the wells 
that demonstrate the most economical and effective use of the remediation system's 
capabilities. Such optimization evaluations will be performed during the system optimization 
phase. Refer to the Remedial Action Schedule in Section 5.10 for the optimization phase time 
frame. 

Vacuum levels measured from the HVDPE pilot study were used in Table 4-7 to size the blower; 
refer to the table footnotes for more information. Valves on the wells will allow vapor extraction 
rates to be varied, thereby optimizing the system to extract from wells producing measurable 
contaminants. 

Based on the data contained in Table 4-7 and blower performance data presented in Table 4-9, 
twin 1100 acfm (nominal) 75 Horsepower (Hp) liquid (oil) sealed ring pumps (blowers) were 
specified to provide the required vacuum and vapor extraction flow rate. A twin blower design 
was selected to increase flexibility of the system and to allow for maintenance of one while the 
other operates. To ensure that vapor flow rate does not exceed the 1000 scfm maximum rating 
of the FTO, the blowers were sized for a maximum combined flow rate of 976 scfm at the lowest 
anticipated operating vacuum of 16 in. Hg. 

The selected blower size (Hp) was also compared to empirical data compiled by Battelle from 
their long history of performing and sizing pumps for multiphase extraction projects (Battelle, 
1998). The Battelle data is provided as Table 4-8. The Battelle data supports the selected Hp 
size for the blowers based on the flow rate and manifold pressures between 20 and 24 in Hg. 
The blowers and their specifications are shown on Drawing M-1. Additional blower 
specifications are provided in Table 4-12. 
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The manifold and piping system has been designed to minimize headless and maintain steady 
vacuum levels throughout the system. A range of vacuums shall be established between 16 in 
Hg and 22 in Hg at the Perched Zone wellhead furthest from the pump based on the piping 
minimal head loss, blower curve and the desired ROI of 54 feet. The vapor conveyance piping 
was sized for minimal head loss less than 0.25 psi (0.51 in Hg) per 100 feet of pipe. System 
piping and headless calculations are discussed in Section 4.4. 

4.5.3 Moisture Separator 

A 500-gallon moisture separator (equipment ID V-101) will separate vapor and water phases 
from the influent stream for phase-specific conveyance to the vapor or water treatment system. 
The moisture separator features a 250-micron demisting pad for removal of entrained water 
droplets. The moisture separator is sized according to manufacturer data based on vapor 
system treatment requirements (also see Appendix E, Miscellaneous Equipment Design). The 
moisture separator will include a water level switch, relief valves, and a manual drain valve. 

The water phase from the moisture separator will be conveyed through a water filter and 
discharged to the holding tank (equipment ID V-106) by transfer pump P-201 as shown on 
Drawing M-1. Transfer pump P-201 is rated for a minimum discharge of 30 gpm at 75 feet of 
total dynamic head. A spare transfer pump for P-201 will be provided and stored on-site. The 
transfer pump will be valved and flanged to be quickly replaced with the spare pump in the 
event of pump failure. Level controls will be utilized to perform the following functions: 

• At the high water level point, the level switch will activate and the PLC will start the 
transfer pump; 

• When water level drops below the low set point point, the low level switch will be 
activated and the PLC will shut down the transfer pump; and 

• In the event that the water level reaches the high-high set point, the level switch will 
activate and the PLC will shut down the vapor treatment system as a safety precaution. 

Vapor phase from the moisture separator will move through a five micron vapor particulate filter 
prior to entering the parallel blowers. The vapor will then be processed through and discharged 
to the FTO and scrubber system for contaminant removal. Additional moisture separator and 
transfer pump specifications are provided in Table 4-12. 

4.5.4 Flameless Thermal Oxidizer System 

The FTO system is designed for the destruction of VOCs, including chlorinated solvents TCE, 
PCE, DCE, vinyl chloride, BTEX, and all other organic compounds. The FTO maximum flow 
sizing of 1,000 scfm is based on extracted air and water vapor flow volumes from all perched 
and exposition-zone extraction wells and will accommodate the two 1,100 (nominal) acfm 
blower units. The calculated inlet and outlet flow to the FTO system are provided on Table 4-9. 
The FTO system is capable of receiving a maximum VOC loading of 1,800 pounds per day and 
will remove all vapor phase VOCs at a destruction efficiency greater than 99.9% based on 
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manufacturer-provided data. Refer to Specification Section 11378 - Flameless Thermal Oxidizer 
System, for details required for operation. The FTO system shall be equipped with supporting 
systems and equipment, including an acid gas scrubber system capable of removing 99% 
(minimum) of acid gas formed. Based on the range of influent concentrations, predicted 1,440 
gallon 25% NaOH will be consumed each month. Therefore, a double contained 1,500 gallon 
caustic tank shall be installed and connected to the scrubber with a metering pump. Please 
see Table 4-13 for additional holding tank details. 

The FTO system rapidly heats influent vapor to oxidation temperatures of 2,000°F to 2,200°F, 
and VOCs and chlorinated VOCs are broken down into combustion products. Together, high 
temperature and excess oxygen destroy the organic compounds by combustion, with the 
primary combustion products being carbon dioxide (C02) and water (H20). Some carbon 
monoxide (CO), minor unburned organics, nitrogen oxides, and (if any chlorides are present) 
hydrochloric acid (HCI) are generated along with nitrogen (N2). 

Dilution air and supplemental fuel will be added to the influent stream prior to entering the FTO 
to promote combustion. A natural gas line located on 60th Street will be used as a supplemental 
fuel source. 

Dioxins are formed as a result of incomplete combustion processes, i.e. insufficient heat. 
Standard thermal oxidizers operate at temperatures ranging from 1,400-F to 1,800-F while 
flameless thermal oxidizers operate at a much higher temperature as stated above. Higher 
operating temperatures will increase the destruction efficiency and ensure that little to no 
concentrations of dioxins will be formed. Ultra-low concentrations of dioxins potentially present 
in the FTO effluent will be treated in a polishing step consisting of activated carbon adsorption 
(Section 4.5.5). 

The vapor will then be discharged to the vapor conditioning package for conditioning prior to the 
vapor-phase GAC system. 

4.5.5 Vapor Conditioning Package 

The vapor conditioning (VC) package will optimize the loading efficiency of the vapor-phase 
carbon polish system. The VC Package will be located between the FTO and the Vapor-Phase 
Carbon Adsorbers (carbon polishing) as shown on Drawings M-1 and M-4. Alternative 
arrangements may be considered based on result from requests for proposals for the VC 
package. The vapor conditioning package consists of the following: 

• An air cooler (chiller/condenser) - represented on the P&ID Drawing M-1 as H-101 A; 

• one moisture separator (if separate from the chiller/condenser) - represented on the 
P&ID Drawing M-1 as V-103; 

• one air warmer - represented on the P&ID Drawing M-1 as H-201; and 

• one blower - represented on the P&ID Drawing M-1 as P-103. 
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The VC Package will used to handle effluent vapor from either the two blowers (P-101 & 102) or 
the FTO scrubber (H-301), depending on operating phase. This flexibility is required in the 
event the FTO/scrubber is taken off-line for maintenance. Also, after approximately 1-year, 
following ERH, it is estimated that the FTO will not be cost effective to operate and it will be 
permanently taken off-line and the system will be run using vapor phase carbon as the primary 
vapor phase treatment. 

The VC package design will be governed by the effluent air from FTO scrubber. The scrubber 
effluent vapor will be 100% relative humidity (saturated) with a temperature of 180 °F. The 
scrubber effluent air shall pass through the VC Package and the air shall be conditioned to a 
temperature of less than 100°F and a relative humidity of less than 50%. A temperature 
monitoring indicator shall be installed after the VC package to ensure that the air effluent does 
not to exceed the GAC maximum operating temperature of 120°F. 

The VC Package will be extremely corrosion resistant and capable of handling normal residual 
chloride (Cl- and HCI) concentrations of 3 ppm from the FTO scrubber and be capable of 
handling occasional excursions to 30 ppm from the FTO Scrubber. Excursions were reported 
by the FTO manufacturer as potentially occurring as a result of erroneous pH probe readings 
leading to insufficient buffering of the acid gas. 

Effluent air from the VC Package must be run through a carbon polishing step as shown on 
Drawing M-1. The VC Package will be connected to the carbon vessels via 8-inch schedule 80 
PVC. The carbon polishing step consists of two (3,000 cfm) carbon vessels in series and filled 
with 4,000 pounds of virgin coconut shell carbon as described in Table 4-11. Based on carbon 
vendor correspondence, the pressure drop will be a minimum of 7 inches of water column 
(" WC) and a maximum of 50" WC per vessel. The air will be pulled through the carbon and VC 
package using P-103 - regenerative blower. 

The VC Package will be manufactured per NEMA 13 standards, be . skid mounted, and 
moveable with conventional moving equipment. There is the option to mount the 
chiller/condenser outside on a concrete pad. If this is recommended by the manufacturer, then 
the controls shall be NEMA 4 for all outdoor portions. 

The vapor conditioning package will be designed to function in synchronization with the FTO 
and interface with both the FTO PLC and treatment compound PLC. The VC package controls 
will include system on/off, individual piece of equipment on/off; i.e., one air chiller/condenser, 
one moisture separator (if needed), one air warmer, and one blower, system on light, alarm 
light/reset, emergency shutoffs, temperature monitoring and control, automatic system on-off, 
automatic remote dial-up in the event of a shut down, and air flow. 

4.5.6 Vapor-Phase Granular Activated Carbon 

The vapor-phase GAC system will remove potential ultra-low concentrations of dioxins from the 
FTO effluent. The GAC system design includes: 

• Two vapor-phase GAC vessels, filled with 4,000 pounds of virgin coconut shell carbon, 
installed in series in a "down flow" system configuration for high-volume flows. 
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• A high-volume flow capacity (3000 cfm) in order to accommodate potentially varying 
flows while minimizing through-vessel pressure drop. 

• The vapor phase carbon will remove potential ultra-low dioxin concentrations from the 
FTO effluent. The dioxin concentrations in the air stream will adsorb onto the carbon. 

The removal efficiency of chemicals by vapor-phase carbon adsorption is dependent on the 
temperature, residence time, and relative humidity. Carbon adsorption is most effective in 
removing compounds with boiling points ranging from 77°F to 302°F and molecular weights 
between 50 and 200 atomic mass units (amu's). For optimal performance (because water vapor 
will compete for carbon adsorption sites), the influent stream should have a temperature below 
104 degrees Fahrenheit and a low relative humidity between 40 and 50 percent. A vapor 
conditioning package has been incorporated in the design to meet the design requirements and 
increase loading efficiency (as described in Section 4.5.6). 

The volume of carbon contained in the vapor-phase GAC vessels will meet the operation and 
efficiency requirements of the remediation system and be in conformance with existing 
treatment system design. The carbon in the vessels will be monitored and the vapor stream 
sampled regularly to determine usage and replacement schedule. The sampling schedule will 
be discussed further in the Sampling and Analysis Plan. Spent carbon will be removed from the 
Site and subsequently regenerated in high-temperature furnaces, and GAC vessels will be 
refilled with fresh carbon. Additional carbon vessels and activated carbon specifications are 
provided in Table 4-12. 

4.5.7 FTO Emission Specifications 

The South Coast Air Quality Management District (SCAQMD) is responsible for issuing air 
permits that typically govern all vapor treatment equipment emissions. The air permits are 
issued, and required monitoring levels are prescribed based on the overall human health risk 
posed by the combined emissions of all contaminants in the vapor stream. The procedures for 
determining human health risks from air emissions sources are outlined in the SCAQMD Risk 
Assessment Procedures for Rules 1401 and 212. In order to comply with Rules 1401 and 212, 
the human health risk from the emission source must be less than that rate which is calculated 
to cause cancer in 1 person in 100,000; or a cancer risk of 1 x 10" .̂ Calculated Hazard Indices 
must also be less than 1. 

USEPA's policy that CERLCA response actions are exempted by law from the requirement to 
obtain Federal, State or local permits related to any activities conducted on the CERCLA site 
(OSWER Directive 9355.7-03). It also is USEPA's policy to assure all activities conducted on 
sites are protective of human health and the environment. Therefore the USEPA will coordinate 
and consult with SCAQMD to assure compliance with the Risk Assessment Procedures for 
Rules 1401 and 212. 

For a remediation project involving a FTO in the South Coast Basin, the applicable rules are 
those that fall under Regulation IV and Rules 1303 and 1304 under Regulation XIII. Rule 1166, 
which applies to all VOC-contaminated soil handing, is also relevant. Rule 1303 under 
Regulation XIII pertains to Best Available Control Technology (BACT). These guidelines indicate 
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that FTOs (or "afterburners" as they are referred to in permit documents), which is the BACT for 
VOCs, are required to operate with a residence time greater than or equal to 0.3 seconds at a 
temperature greater than or equal to 1,400°F. The FTO far exceeds this requirement. The BACT 
for NOx, SOx, and PMIO is natural gas usage. For this particular project, NOx, SOx, carbon 
monoxide (CO), and PMIO emissions are exempted from offset requirements based on 
Rl34(c)(4). Only VOC emissions are subject to this Rule and, therefore, should not exceed the 
4 tons/year threshold. 

Emission standards and requirements for the vapor treatment system effluent will be based 
upon health risk analyses to be performed by the SCAQMD as part of the USEPA's goal of 
meeting the substantive requirements of the air permitting process. Based on previous modeling 
efforts, the FTO system used for destruction of VOCs at the Pemaco Site will meet and exceed 
the SCAQMD effluent requirements. 

4.5.8 Treatment Schedule 

The FTO system will operate beginning with HVDPE system start-up and continue through ERH 
operation, estimated to be one year. During this period, high loading of VOCs will be extracted. 
Due to the above-99.9 percent destruction efficiency of FTO, the production of combustion by
products (e.g., dioxin) above background concentrations will be removed during the carbon 
polishing step. It is estimated that the mass loading will be significantly reduced after the ERH 
treatment period, allowing continued remediation to be carried out via dedicated GAC vapor 
treatment. Refer to Section 5.11 for the Remedial Action Schedule. 

4.6 WATER TREATMENT SYSTEM DESIGN 

The water treatment system will consist of equipment, piping, and instrumentation as specified 
in the P&ID Drawing M-1, Table 4-11-Equipment and Instrumentation Specification Summary, 
and Table 4-12-Major Equipment Specifications. As noted in Section 3.3, the groundwater will 
be treated with a liquid-phase GAC system since the low-adsorptive compounds such as vinyl 
chloride are not present in the extracted groundwater at concentrations over the effluent 
limitations. Furthermore, vinyl chloride concentrations are estimated to reduce rapidly following 
the initiation of pumping and vapor extraction, as demonstrated by numerous site models where 
the vinyl chloride exists as a result of anaerobic degradation and not as a COC. 

The following subsections outline the design basis for the groundwater treatment system and 
major system components: 

Influent Concentrations 

Groundwater Remedial Technologies 

Water Treatment System Design Flow 

Groundwater Booster Tank and Holding Tank 

Liquid-phase GAC 

Discharge Standards 

Treatment Schedule 
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4.6.1 Influent Concentrations 

Influent concentrations of liquid phase VOCs will be received by the water treatment system 
after being extracted from the perched and Exposition treatment zones. The estimated VOC 
loading calculated for the Exposition groundwater is considered adequate for general treatment 
system specification. An explanation of the estimated VOC mass removal rates for Exposition 
groundwater is provided in Section 4.3.3. Additional VOC loading will be contributed by the 
extracted perched zone groundwater. An estimate for the perched zone contribution has not 
been included since preliminary estimates indicate the following: 

• The perched zone is a finite groundwater source that will not withstand long-term 
pumping, and will not be a continued source for liquid phase VOC loading. 

Under a HVDPE scenario, extracted contaminants from the perched zone will tend to 
volatilize and be treated by the vapor treatment system. 

• The volume of water treated (explained in Section 4.6.2) will be predominantly 
Exposition groundwater and reflect the mass loading rate calculated in Section 4.3.3. 

• The uncertainty in the estimated mass loading that will result from operation of the ERH 
system makes further calculation for the perched zone moot. 

From Section 4.3.3 and Table 4-5, the first year VOC mass loading to the water treatment 
system was estimated to be 2.71 lbs/day. The basis for this value is included in Table 4-5 
footnotes. Operation of the ERH system may result in loading rates once to two orders of 
magnitude greater than this estimate. 

4.6.2 Groundwater Remedial Technologies 

Granular Activated Carbon (GAC) Groundwater Treatment 

Groundwater will be treated with a liquid-phase GAC system. GAC remediation provides good 
control over contaminant concentrations for groundwater if low-adsorptive compounds are not 
present. Vinyl chloride is expected to pass through the GAC at trace level concentrations 
significantly below, the effluent limitations. Based on a composite sample from the A&B source 
zone collected for the advanced oxidation water treatment bench test, the vinyl chloride 
concentrations were below 6 ppb. Sampling, replacement, and disposal of GAC will be 
addressed in the Remedial Action Work Plan and the Operation and Maintenance (O&M) plan. 
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4.6.3 Water Treatment System Design Flow 

The design flow of extracted groundwater is based on the enhanced removal rates calculated 
during the HVDPE pilot test. The following table summarizes design flows by subsurface 
remediation zone. 

Groundwater Flow Rates by Zone 

Treatment Zone Average 
Groundwater 

Extraction Rate 

(gpm) 

No. of 
Extraction 

Wells 

Zone Total^ 

(gpm) 

Average Daily 
Flow Rate 

(gpd) 

A Zone^ 0.7 12 8.4 12,096 

B Zone^ 1.6 12 19.2 27,648 

A & B Containment^ 2.3 8 18.4 26,496 

D Zone" 1.1 1 1.1 1,584 

Totals - 33 47.1 67,824 

Note: 
1. Groundwater flow rates of 1.1 gpm were attained during the HVDPE pilot study (with the drop tube 

method). Groundwater pumping without vacuum yielded less then 0.25 gpm. The average of 1.1 
gpm and 0.25 gpm is approximately 0.7 gpm. After the first year, the A Zone is anticipated to de-
water, therefore, the average flow for the 5 year period is estimated to be 0.7 gpm. 

2. Groundwater flow rates of approximately 2.0 gpm were attained during the HVDPE pilot study. 
Groundwater pumping without vacuum yielded 1.1 gpm. The average of 2.0 gpm and 1.1 gpm is 
approximately 1.6 gpm. 

3. The extraction rate of 2.3 gpm for the A&B Containment Zone was based on the sum of the average 
extraction rate from the A and B Zones. The sum of 0.7 gpm and 1.6 gpm is 2.3 gpm. 

4. The 1.1 gpm extraction is based on the estimated theoretical pumping rate for the D zone. 
5. Zone Total is the cumulative groundwater flow rate from the extraction wells in each treatment zone. 

Based on the result of HVDPE Extraction Pilot Test Performed, the low-yielding and 
heterogeneous nature of the saturated thickness found in the perched zone, it is plausible that 
the perched zone could result in a total de-watering of the zone after weeks or months of 
treatment system operation. Due to the finite groundwater volume localized in the perched 
zone, the groundwater extraction rate from perched-zone wells is expected to be neglected. 
The groundwater extraction rate frdm A and B-zone wells is also expected to decrease following 
two months of pumping, prior to ERH system startup. According to the hydrogeologic condition 
in this area, A zone can be characterized as a series of semi-discontinuous saturated sand 
lenses. It is estimated to be a de-watering zone after the first year of operation. The total 
extraction rate from all treatment zones is expected to be around 47.1 gpm following ERH 
startup and will likely decrease with continued system operations. 
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4.6.4 Groundwater Extraction Pumps 

QED AutoPump AP-4B, 4-inch nominal, bottom loading, pneumatic pumps were selected for the 
groundwater recovery pumps for the Exposition Zone (A Zone, B Zone, and A&B Containment). 
These pumps have been proven to not only be the most cost-effective but also the most 
reliable. In addition, these pumps are chemical resistant, heat tolerant, and can handle 
sediment loading. The pumps will be bottom loading to allow for maximum pumping rates and 
water column depression in the recovery wells. At 70 psig air pressure supply, the pumps are 
capable of pumping nearly double the anticipated average groundwater flow rate from the 
Exposition Zone discussed in Section 4.6.3 (above). The QED AutoPump AP-4B capacity curve 
is provided in Appendix D. 

The QED AutoPump AP-2B, 2-inch nominal, bottom loading pneumatic pump was selected for 
groundwater recovery from the Exposition C or D zone if future monitoring indicates 
contamination. The pump can be installed in existing extraction well MW-24-140' or MW-24-
110'. Two-inch nominal pumps are required to be installed in wells MW-24-140' or MW-24-110' 
because the wells have been sleeved with 3-inch schedule 80 C P V C to protect them from ERH 
heating. The QED AutoPump AP-2B capacity curve is provided in Appendix D. 

Approximately 3 spare groundwater pumps will be prepared on-site in the storage room for the 
event of pump failure. 

4.6.5 Groundwater Booster Tank 

Groundwater will be pumped from the Exposition Zone into the groundwater booster tank (V-
110) via pneumatic submersible pumps. In addition, the condensate sump pumps will also 
discharge condensed water (from soil vapor) into the groundwater booster tank. The 
groundwater from the booster tank will be conveyed through water filters and discharged to the 
holding tank V-106 by booster pump P-203 as shown in Drawing M-1. 

The booster tank was selected for the purpose of reducing the total dynamic head on the 
pneumatic groundwater pumps and to ensure efficient pump operations. Water filters prior to 
the 4,900 gallon holding tank (added to system design to avoid labor intensive tank cleaning), 
add approximately 60 feet of water head (maximum) to the pneumatic pumps and consequently, 
lower the flow rates and efficiencies of the pneumatic pumps. To reduce the additional head, 
the pneumatic pumps will discharge groundwater directly into the booster tank. The booster 
tank pump will transfer the groundwater and any sediment into the bag filters, prior to 
discharging the water into the 4,900 gallon holding tank. 

The groundwater booster tank will consists of a 905-gallon crosslinked polyethylene tank 
installed in the treatment compound. Booster pump P-203 is rated for discharge of 110 gpm at 
55 feet of total dynamic head. The booster pump will be rated to handle solids consisting of 
sands and silts. A spare transfer pump for P-201 will be provided and stored on-site. The 
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transfer pump will be valved and flanged to be quickly replaced with the spare pump in the 
event of pump failure. 

The booster tank will include level controls with low-low, low, high, and high-high level switches. 
The level controls will be used to control purging rates and treatment operations as well as 
trigger shutdowns in the event of a high-high or a low-low level conditions. The low-low level 
shutdown will prevent the transfer pump from becoming damaged from cavitation/running dry. 
The level controls will perform the following functions: 

• In the event that the tank water level falls below the low-low set point, the level switch 
will activate and the PLC will shut down the groundwater treatment system as a safety 
precaution. 

• At the high water level point, the level switch will activate, and the PLC will start the 
booster pump; 

• When tank water level drops below the set low point, the low level switch will activate 
and the PLC will shutdown the booster pump; and 

• In the event that the tank water level reaches the high-high set point, level switch will 
activate and the PLC will shut down the entire system as a safety precaution. 

Additional specifications for the groundwater booster tank and the booster tank are provided in 
Table 4-12. 

4.6.6 Groundwater Holding Tank 

Groundwater from the booster tank and moisture separator will be pumped into the Holding 
Tank (V-106). The design of the groundwater holding tank specifications are based on the 
following: 

• Designed groundwater extraction rates and holding time; and 

• Tank dimensions and allotted space in treatment compound. 

Based on the above criteria, a 4,900-gallon cylindrical holding tank is appropriate for 
groundwater treatment system design requirements. The tank will hold the average 
groundwater flow of 47.1 gpm for approximately 100 minutes. The tank will include level controls 
with low-low and high-high level switches along with a pressure transducer. The level controls 
will be used to trigger shutdowns in the event of a high-high or a low-low level condition. The 
low low condition will prevent the transfer pump from becoming damaged from running 
dry/cavitation. The pressure transducer will be used to maintain a constant water level in the 
holding tank. The water-level indicators will perform the following options: 

• In the event that the tank water level reaches the low-low set point, the level indicator will 
go into alarm status and will shut down the groundwater treatment system as a safety 
precaution; and 

• In the event that the tank water level reaches the high-high set point, the level indicator 
will go into alarm status and will shut the entire system down as a safety precaution. 
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A constant water level will be maintained in the holding tank by the pressure transducer (to 
ensure most efficient carbon performance). 

Booster pump P-202 is rated for a minimum discharge of 100 gpm at 75 feet of total dynamic 
head. A spare transfer pump for P-202 will be provided and stored on-site. The transfer pump 
will be valved and flanged to be quickly replaced with the spare pump in the event of pump 
failure. Additional specifications for the groundwater holding tank and the associated transfer 
pumps are provided in Table 4-12. 

4.6.7 Liquid -Phase Granular Activated Carbon 

The liquid-phase GAC system will remove the majority of the known contaminants of concern to 
the 5 ppb level. Vinyl chloride is expected to pass through the GAC at trace level concentrations 
below the effluent limitations. The liquid-phase GAC system design includes: 

• Two 3,000 pound liquid-phase GAC vessels in series filled with virgin coconut shell 
carbon; and 

• Maximum flow capacity of 150 gpm. 

The volume of carbon contained in liquid-phase GAC vessels will meet the operation and 
efficiency requirements of the remediation system and be in conformance with existing 
treatment system design. The carbon in the vessels will be monitored and the water stream 
sampled regularly to determine usage and replacement schedule. The sampling schedule will 
be discussed further in the Sampling and Analysis Plan. Spent carbon will be removed from the 
Site and subsequently regenerated in high-temperature furnaces, and GAC vessels will be 
refilled with fresh carbon. Additional specifications for carbon vessels and activated carbon are 
provided in Table 4-12 

4.6.8 Discharge Standards 

It is USEPA's policy to assure all activities conducted on sites are protective of human health 
and the environment. The USEPA will coordinate and consult with Sanitation Districts of LA 
County to assure treated water discharge complies with discharge permit requirements and 
limitations. According to LACSD Self-Monitoring Requirements for the Pemaco Superfund site 
issued on November 30, 2005, self-monitoring of industrial wastewater is required as a 
condition of discharge permit. Samples must be collected and preserved once per three (3) 
months in accordance with 40 CFR 136. Analysis of the samples must be performed for the 
parameters listed below by a laboratory that is certified by either the LACSD or the California 
State Department of Health Services. 
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Required Effluent Characterization Tests 

Test Parameter Unit Limit Type of Sample 

Total Wastewater Flow Rate gpd 67,824* Not Applicable 

Peak Wastewater Flow Rate gpm 40.0 Not Applicable 

Temperature °F < 140 Not Applicable 

Closed Cup Flash Point °F > 140 Not Applicable 

Chemical Oxygen Demand (COD) mg/l - 24-hour Composite 

Suspended Solids (SS) mg/l - 24-hour Composite 

pH pH units > 6.0 Grab 

Dissolved Sulfide mg/l 0.1 Grab 

Lead mg/l 40 24-hour Composite 

Oil & Grease mg/l - Grab 

Volatile Organics ug/l 1,000 Not Applicable 

Semi Volatile Organics ug/l 1,000 Not Applicable 

• See Section 4.6.2 Water Treatment System Design Flow for calculation details. 

4.6.9 Treatment Schedule 

A process flow diagram for the groundwater treatment system is provided on Drawing M-1. It is 
estimated that the treatment system will operate for 5 years and require an additional 5 years of 
monitoring. Refer to Section 5.10 for the Remedial Action Construction Schedule. 
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5.0 CONSTRUCTION AND IMPLEMENTATION 
This section describes the various construction issues for building the treatment system that will 
be addressed in the Remedial Action Work Plan and associated documents. The following 
topics are discussed briefly in the Section: 

Identification of inter-agency coordination and communication 

Site preparation 

Property Access 

Staging Requirements 

Specifications 

Project Plans 

Construction Schedule 

Construction Cost Estimate 

Each of these topics is discussed in the sections below. 

5.1 I N T E R - A G E N C Y COORDINATION A N D C O M M U N I C A T I O N 

Federal law provides that response actions performed under the Comprehensive Environmental 
Response Compensation and Liability Act (CERCLA or "Superfund"), such as the Pemaco site 
are exempted from the requirement to obtain Federal, State or local permits related to any 
activities conducted on the CERCLA site (USEPA, 1992). It is USEPA policy to assure all 
activities conducted on CERCLA sites are protective of human health and the environment. The 
USEPA, which is the lead agency for this project, will coordinate and consult with the following 
state and local agencies to facilitate CERCLA actions at this site: 

• California Environmental Protection Agency (CALEPA), Department of Toxic 
Substances Control (DTSC). This agency will be responsible for long-term operation 
and maintenance of the Pemaco remedial systems after five years. The DTSC provides 
review of all Design Documents and future project plans for CERCLA sites. 

• South Coast Air Quality Management District (SCAQMD). The USEPA will 
coordinate and consult with the SCAQMD on anticipated and actual air emissions from 
vapor treatment system. SCAQMD will perform risk assessment modeling to assist the 
USEPA in determining the maximum permissible emissions from this site. The 
procedures for determining human health risks from air emissions sources are described 
is Section 4.5.7. The USEPA will provide vapor treatment system emissions data as part 
of the public information record for this project. 

• Los Angeles County Department of Health Services. Los Angeles County adopted 
ordinances to protect groundwater quality by requiring a permit to be issued before a 
well can be drilled or modified. The Department of Health Services is responsible for well 
permitting. The USEPA will not seek permits for wells to be installed at the Pemaco site 
as part of this CERCLA action. However, the USEPA will construct all on-site wells to be 
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protective of human health and environment. Additionally, the USEPA will provide well 
construction information and well coordinates for all wells installed at the Pemaco site as 
part of the public information record for this project. 

• City of Los Angeles Department of Public Works Bureau of Engineers would 
normally have jurisdiction over soil grading activities and building activities at the Site. 
The USEPA will consult with the Department of Public Works, Bureau of Engineers 
regarding planned grading and construction activities at that site. However, no permits 
will be sought prior to beginning the work. 

• Sanitation Districts of Los Angeles County. The Pemaco Superfund site water 
treatment system will be designed to meet the substantive requirements for discharge of 
treated water to the Sanitation Districts of Los Angeles County sewer system. 
Connection to the LA Sewer District will be administered through the City of Maywood. 
The USEPA will provide design flow and waste stream monitoring information to the 
Sanitation Districts of Los Angeles County and City of Maywood as needed. 

• Los Angeles Regional Water Quality Control Board (LARWQCB). The USEPA will 
provide groundwater data for all wells installed at the Pemaco site as part of the public 
information record for this project. The USEPA will notify the LARWQCB of any planned 
discharges to the storm water drain and will provide discharge monitoring data as part of 
The USEPA will consult and coordinate with other state and local agencies as necessary 
and upon their request. 

In addition to coordination with state and local agencies, the USEPA response action at the 
Pemaco site will be consistent and compliant with all applicable federal, state and local laws and 
regulations protective of human health and the environment. Specific examples are discussed 
below: 

• The Safe Drinking Water and Toxic Enforcement Act of 1986 (Proposition 65) of 
California requires that clear and reasonable warning be given to anyone who may be 
exposed to chemicals known to the State to cause cancer or reproductive toxicity. The 
Office of Environmental Health Hazard Assessment (OEHHA) of the California 
Environmental Protection Agency is the lead agency for the implementation of 
Proposition 65. To meet the substantive requirement of Proposition 65, the USEPA will 
provide information on possible chemical exposures to site workers in the Site Safety 
and Health Plan (SSHP) and to the public through the community involvement process 
as described in the Community Involvement Plan (CIP). 

• OSHA safety and health requirements. The USEPA will comply with applicable worker 
safety and health laws and regulations during implementation of the response action at 
the Pemaco site. The SSHP for the Pemaco response action has been prepared in 
accordance with the Occupational Safety and Health Administration (OSHA) 29 Code of 
Federal Regulations (CFR) 1910.120, OSHA 29 CFR 1926; California Labor Code 
Section 6401.7 (where applicable), Title 8, California Code of Regulations, Section 5192; 
the TN&A Corporate Safety and Health Manual; and any other relevant Federal, State, 
and local regulations. 
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5.2 SITE PREPARATION 

Site preparation will include locating subsurface utilities, setting up temporary office facilities for 
construction, erecting fencing where needed, and restoring access to existing wells. 
Specifications for some of this work are included in Specifications Section 01500 - Temporary 
Construction Facilities. Additional detail regarding site preparation procedures, such as 
disposal facilities and stockpiling, will be discussed in the Remedial Action Work Plan. 

5.3 UTILITY REQUIREMENTS 

Utility connections that shall be necessary during site remediation are electrical, natural gas, 
telephone, water, and sewer. Sewer and fresh water connections to the site trailer and the 
treatment plant will be coordinated through the City of Maywood and the Los Angeles 
Department of Water and Power (LADWP). TN&A has been coordinating electrical power 
connections through Southern California Edison (SCE). SCE has been provided electrical load 
schedules and drawings for the coordination of on-site power lines and power drops. The 
various connection locations will be shown on the Final Design Drawings. 

5.4 PROPERTY A C C E S S 

Access to the Park areas and adjoining roadways will be required for the installation of the 
remedial treatment equipment. Property and road access will be coordinated through the City of 
Maywood and the Park Contractor. The remediation system construction is currently scheduled 
to dovetail into the Park construction plans. Truck traffic importing site materials will follow 
neighborhood restrictions be coordinated with on-going Park construction. 

5.5 STAGING REQUIREMENTS 

It is anticipated that the staging area for the remedial action will be located on the southern 
portion of the Pemaco property off of 60th Street. This area was selected because of its 
proximity to the entrance of the Site and the proposed treatment compound. 

5.6 SPECIFICATIONS 

Complete specifications for the remedial action are provided in Appendix A, Volume II. Volume 
II is intended to accompany the Drawings package for use in the field during construction. 

5.7 PROJECT PLANS 

The Remedial Action Work Plan identifies construction and implementation issues to be carried 
out by the remedial action contractor. The Remedial Action Work Plan will include the SSHP, 
Sampling and Analysis Plan (SAP), and the Construction Quality Control Plan (CQC Plan). 

The CQC Plan establishes the project organization and includes requirements for independent 
evaluation of the construction conformance to the design specifications. The plan also defines 
the minimum testing and inspection protocols required to regulate this independent evaluation. 

A construction completion report will be prepared that includes discussion of field design 
changes, as-built drawings, quality control results, and health and safety documentation. The 
report will be certified by the Quality Control Engineer specified in the CQC Plan. 
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The O&M Manual will be provided in conjunction with the Remedial Action under a separate 
cover. In accordance with the requirements set forth in the RD/RA Handbook, the O&M outline 
will include: 

A description of how the designer intends the facility to operate. 

A description of potential operating problems. 

A quality assurance plan for O&M, including recordkeeping requirements. 

A description of alternative procedures to prevent releases or threatened releases and 
the appropriate corrective actions. 

Specifications and maintenance schedules for all equipment. 

These topics and others will be expanded upon by the RA Contractor prior to treatment plant 
start-up. 

5.8 CONSTRUCTION SCHEDULE 

Remedial Action activities will commence according to the Remedial Action Construction 
Schedule provided as Figure 5-1. The first construction task, "Park Well Installation and 
Demolition", will begin upon completion of the Park grading. Schedules have been coordinated 
with the City of Maywood and a tentative start date for Site Preparation has been set for July 6, 
2005. It is anticipated that the field portion of the remedial construction can be completed by 
January 17, 2006. 

In an effort to increase efficiency and reduce construction time, construction crews will work on 
different phases and tasks simultaneously whenever possible. These phases are shown in 
Figure 5-1 and include the following examples: 

• The 60th Street wells, trench and pipelines will be installed at the same time as the 
construction of the treatment compound. 

• Start-up and operation of the perched and Exposition groundwater and vapor extraction 
and treatment system will be performed prior to the completion of the ERH system 
installation in order to assure proper operation of the groundwater and vapor extraction 
and treatment system at ERH system start-up time. 

5.9 CONSTRUCTION COST ESTIMATE 

A remedial action cost estimate has been prepared based on the design presented herein and 
is provided in Appendix F. The cost estimate was prepared using actual subcontractor bids, cost 
estimating software (R.S. Means) and prior experience. In accordance with the RD/RA 
Handbook, the cost estimate provided is within plus 15 percent and minus 5 percent. 

T N & Associates, Inc. 62 



Final Remedial Design Report 
Pemaco Superfund Site 
Maywood, California 

6.0 REFERENCES 
ALT Leak Testing, Inc. (ALT) 1990, Subject Site Assessment Investigation Report, 5050 E. 

Slauson Ave., Maywood, California, 26 December 1990. 

ALT. 1991. Report of Site Investigations, 5989 S. District Blvd., May wood, California, October. 

Battelle. 1998. Application Guide for Bioslurping -TM-2301-ENV, Volume II - Principles and 
Practices of Bioslurping. October 

Biren, Paul (Biren). 1992. Los Angeles County Fire Department, Hazardous Waste Control 
Program, Statement of Probable Cause, August 10. 

Bradford, G.R., Chang, A.C., Page, A .L , Bakhtar, D., Frampton, J.A., and Wright, H.,(Bradford, 
et al). 1996. Kearney Foundation of Soil Science - University of California, Background 
Concentrations of Trace and Major Elements in California Soils, March. 

California Department of Water Resources. 1961. Planned utilization of the ground water basins 
of the coastal plain of Los Angeles County: Bulletin 104, Appendix A, Ground Water 
Geology, p. 181. 

California Department of Water Resources, Southern District. 2005. California Well Standards, 
http://wwwdpla.water.ca.qov/sd/qroundwater/california well standards/well standards.ht 
ml 

California Environmental Protection Agency, Department of Toxic Substances Control, Human 
and Ecological Risk Division (CalEPA). 1996. Guidance for Ecological Risk Assessment 
at Hazardous Waste Sites and Permitted, July 4. 

Campanella, R.G. and Robertson, P.K. (Campanella and Robertson). 1988. "Current status of 
the piezocone test", Penetration Testing 1988, Vol. 1 (Proc. ISOPT-1, Orlando), 
Balkema, Rotterdam, 93-116. 

Cape Environmental Management, Inc. (Cape). 2001. Results of Additional Excavation and 
Confirmatory Sampling of Oil-Impacted Soil at the Lubricating Oil Services Site, 5989 
South District Boulevard, Maywood, California, July. 

City of Maywood. 2004. Construction Plans for Riverfront Park. December. 

Cornerstone Technologies, Inc. (CTl). 1998. Remedial Action Report for Toluene- Impacted 
Soils, Former UST Area at WW Henry Property, 5920 Alamo Street, Maywood, 
California 90270. July. 

CTl. 1998a. Phase I Environmental Site Assessment Including Preliminary Asbestos and Lead 
Based Paint Survey and Limited Phase II Subsurface Investigation Conducted at WW 
Henry Property, 5920 Alamo Street, Maywood, California 90270, March. 

CTl. 2001. Report for 4th Quarter 2000 Groundwater Monitoring at Removed UST Area of 
Former WW Henry Facility, 5920 Alamo Avenue, Maywood, California, January. 

Ecology & Environment (E&E). 1998a. Pemaco Maywood Expanded Site Investigation, March. 

E&E. 1998b. Subsurface Investigation, Pemaco Site, Maywood, California, March 1998. 

T N & Associates, Inc. 63 



Final Remedial Design Report 
Pemaco Superfund Site 
Maywood, California 

E&E. 1999. Pemaco Removal Site Final Report, May 1999. 

Erier & Kalinowski, Inc. (EKI). 1998. Phase II Investigation Report, 5201 East 60th Street, 
Maywood, California, February. 

EKI. 1999. Subsurface Investigation Report for the WW Henry Company Property Located at 
5920 Alamo Avenue, Maywood, California, August. 

EKI. 2001. Phase II Environmental Assessment Report, Lubricating Oil Services Property, 5989 
South District Boulevard, Maywood, California, March. 

Grosjean, E., Grosjean, D., Eraser, M.P. and Cass, G.R. (Grosjean, et al, 1996), Air quality 
model evaluation data for organics. 2. C1-C14 carbonyls in Los Angeles air. Environ. 
Sci. Technol. 30, 2687-2703. 

Hocking, G., Wells, S.L. and R.I. Ospina. 2000. Deep Reactive Barriers for Remediation of 
VOCs and Heavy Metals. 2nd Int. Conference on Remediation of Chlorinated and 
Recalcitrant Compounds, Monterey CA. May 

International Conference of Building Officials. 1997. Uniform Building Code, Structural 
Engineering Design Provisions, Volume II, Whittier California, April. 

Levine-Fricke. 2001. Soil, Soil Gas, and Groundwater Evaluation, Former W.W. Henry Property, 
5920 Alamo Avenue, Maywood, California, 6 July. 

Meridith, Boll & Associates, Inc. 1997. Tank Removal Report for Underground Storage Tanks, 
5920 Alamo Avenue, Maywood, California, October 21, 1997. 

Puis, R.W., R. Wilkin, C. Paul, F. Beck, P. Clark and M. McNeil (2002). Six Years of Intensive 
Monitoring of the 1st PRB to Treat a Mixed Waste Plume: USCG Site in Elizabeth City, 
NC, RTDF PRB Action Team Meeting, Washington D.C. Nov. 7-6. 

Ralph M. Parsons Company (Parsons). 1976. Engineering Department Design Guide, May. 

Todd. 1980. Aquifer Test News. 

T N & Associates, Inc. (TN&A). 2000. Draft Summary of Groundwater and SVE System 
Sampling Events, October. 

TN&A. 2002a. Results of In-situ Groundwater Sampling in the Perched Zone and Upper 
Exposition Groundwater Zones, February and November 2001, Pemaco Superfund Site, 
5050 E. Slauson Avenue, Maywood, California. 

TN&A. 2002b. Results of Groundwater Monitoring Activities, May 2001 through April 2002, 
Pemaco Superfund Site, 5050 E. Slauson Avenue, Maywood, California. 

TN&A. 2002c. Results of the July 2001 Soil Gas, Indoor/Outdoor Air and Groundwater Sampling 
Completed in the Residential Neighborhood Adjacent to the Pemaco Superfund Site and 
Former WW Henry Properties, 5920 Alamo Avenue and 5050 E. Slauson Avenue, 
Maywood, California. 

TN&A. 2002d. Health Risk Assessment, Maywood Riverfront Park, Maywood, California, July. 

T N & Associates, Inc. 64 



Final Remedial Design Report 
Pemaco Superfund Site 
Maywood, California 

TN&A. 2002e. Technical Memorandum: Results of Aquifer Tests Performed in Exposition A ' 
and 'B' Groundwater Zones, Pemaco Superfund Site, 5050 E. Slauson Avenue, 
Maywood, California. March. 

TN&A. 2002f. Results of Soil Gas and Indoor/Outdoor Air Sampling, Pemaco Superfund Site, 
5050 E. Slauson Avenue, Maywood, California. 

TN&A. 2002g. Baseline Risk Assessment, Pemaco Superfund Site, 5050 E. Slauson Avenue, 
Maywood, California. 

TN&A. 2002h. Environmental Site Assessment, Los Angeles Junction Railway Property, 
Maywood, California. 

TN&A. 2003. Technical Memorandum: Results of Groundwater Monitoring Activities, May 2001 
through April 2002, Pemaco Superfund Site, Maywood, California, November. 

TN&A. 2003a. Technical Memorandum: HVDPE Pilot Test Performed in Perched and 
Exposition "A" and "B" Zones, Pemaco Superfund Site, Maywood, California. And 
Appendix D, Final Feasibility Study Report, TN&A 2004a. 

TN&A. 2004. Final Remedial Investigation Report, Pemaco Superfund Site 5050 E. Slauson 
Avenue, Maywood, California. November. 

TN&A, 2004a. Final Feasibility Study Report, Pemaco Superfund Site 5050 E. Slauson Avenue, 
Maywood, California. February. 

United States Army Corps of Engineers, Omaha District (USACE). 1999. Engineering and 
Design of Multi-Phase Extraction System, Manual EM 1110-1-4010, June. 

United States Environmental Protection Agency (USEPA) 1983. Interim Guidelines and 
Specifications for Preparing Quality Assurance Project Plans, February. 

USEPA, Office of Solid Waste and Emergency Response (OSWER). 1992. Permits and Permit 
Equivalency Processes for CERCLA On-Site Response Actions, OSWER Directive 
9355.7-03, February. 

USEPA. 1994. USEPA Requirements for Quality Assurance Project Plans for Environmental 
Data Operations, Interim final (USEPA Q/VR-5), August. 

USEPA. 2000. User's Guide for the Johnson and Ettinger (1991) Model for Subsurface Vapor 
Intrusion into Buildings (Revised). 

USEPA. 2000a. Drinking Water Standards and Health Advisories, USEPA-822-B-00-001, 
Summer. 

USEPA. 2004. EPA Region 9: Preliminary Remediation Goals (PRGs), 
http ://www. epa. qov/req ion09/waste/sf nd/p rg/ 

T N & Associates, Inc. 65 



TABLES 



TABLE 2-1 
Existing Well Construction Data - Perched Zone Wells 

Well I.D. 

Associated 
Hydrogeologic 

Unit 

Date 

Installed Northing Easting 

Top of Casing 

Elevation 

Casing 
Diameter 
(inches) Well Material 

Screening 
Interval 

Screen Slot 
Size 

(inches) 

Filter Pack 

Sand Size 

Constructed 
Total Depth 

(bgs) 

B-01 Perched Zone 07/1 9/90 1,817,183.99 6,509,516.29 147.84 2 Schedule 40 P V C - - Pea Gravel 35 

B-03 Perched Zone 07/18/90 1,817,172.57 6,509,452.98 146.06 2 Schedule 40 P V C - Pea Gravel 40 

B-04 Perched Zone 07/18/90 1,817,121.53 6,509,468.70 145.92 2 Schedule 40 P V C - Pea Gravel 40 

B-05 Perched Zone 07/18/90 1,817,139.90 6,509,458 37 145.91 2 Schedule 40 P V C - - Pea Gravel 40 

B-06 Perched Zone 07/19/90 1,817,097.47 6,509,526.68 146.36 2 Schedule 40 P V C - Pea Gravel 45 

B-07 Perched Zone 07/18/90 1,817,093.69 6,509,563.42 146.64 2 Schedule 40 P V C - - Pea Gravel 30 

8-08 Perched Zone 07/19/90 1,817,067.20 6,509,578.20 146.32 2 Schedule 40 P V C - - Pea Gravel 

B-10 Perched Zone 07/19/90 1,817,036.93 6,509,591.80 145.50 2 Schedule 40 P V C - - P e a Gravel 35 

B-11 Perched Zone 07/20/90 1,817,004.23 6,509,607.57 144.57 2 Schedule 40 P V C - - Pea Gravel 25 • 

B-12 Perched Zone 07/18/90 1,815,927.58 6,509,632.80 142.36 2 Schedule 40 P V C - - Pea Gravel 25 

8-13 Perched Zone 07/20/90 1,816,951.73 6,509,574.91 140.26 2 Schedule 40 P V C - - Pea Gravel 35 

B-14 Perched Zone 07/20/90 1,817,022.70 6,509,500.08 141.55 2 Schedule 40 P V C - - P e a Gravel 30 

8-15 Perched Zone 07/20/90 1,817,051.94 6,509,471.83 141.05 2 Schedule 40 P V C - - P e a Gravel 35 

B-16 Perched Zone 07/20/90 1,817,074.26 6,509,454.45 141.39 2 Schedule 40 P V C -- Pea Gravel 35 

B-17 Perched Zone 04/16/01 1,817,351.66 6,509,406.34 150.30 1.5 Schedule 40 P V C 33 - 43 0.010 20/40 43 

B-18 Perched Zone 04/16/01 1,817,270.76 6,509,340.33 147.05 1.5 Schedule 40 P V C 2 4 - 2 9 0.010 20/40 29 

8-19 Perched Zone 04/18/01 1,817,152.21 5,509,374.68 143.58 1.5 Schedule 40 P V C 22-32 0.010 20/40 32 

B-20 Perched Zone 04/19/01 1,817.047.53 6,509,461.88 141.40 1.5 Schedule 40 P V C 22-32 0.010 20/40 ' 32 

B-21 Perched Zone 04/16/01 1,816,938.69 6,509,530.86 140 20 1.5 Schedule 40 P V C 23-28 0.010 20/40 28 

B-22 Perched Zone 04/18/01 1,816,895.62 6,509,507.69 138.12 1.5 Schedule 40 P V C 20-25 0.010 20/40 25 

B-23 Perched Zone 04/1 8/01 1,816,710.69 6,509,489.14 137.43 1.5 Schedule 40 P V C 19-24 0.010 20/40 24 

B-24 Perched Zone 04/16/01 1.816,717.14 6,509,625.76 138.20 1.5 Schedule 40 P V C 22-27 0.010 20/40 27 

B-25 Perched Zone 04/17/01 1,816,742.47 6,509,714.16 137.84 1.5 Schedule 40 P V C 18-23 0 010 20/40 23 

B-26 Perched Zone 04/17/01 1,816,837.46 6,509,677.06 139 66 1.5 Schedule 40 P V C 18-23 0.010 20/40 23 

B-27 Perched Zone 04/1 7/01 1,816,917.90 6,509,407 22 138.67 1.5 Schedule 40 P V C 21-25 0.010 20/40 26 

B-28 Perched Zone 04/17/01 1,815,929.59 6,509,294.01 138.67 1.5 Schedule 40 P V C 21-26 0.010 20/40 26 

B-29 Perched Zone 04/1 7/01 1,816,945.89 6,509,165.33 138.85 1.5 Schedule 40 P V C 22-27 0.010 20/40 27 

jB-30 Perched Zone 04/1 6/01 1,817,032.22 6,509,245.82 143.60 1.5 Schedule 40 P V C 23-28 0.010 20/40 28 

B-31 Perched Zone 04/1 6/01 1,817,100 48 6,509,311.30 140.38 1.5 Schedule 40 P V C 20-25 0.010 20/40 25 

B-32 Perched Zone 04/17/01 1,817,153.03 6,509,321.45 141.45 1.5 Schedule 40 P V C 20-30 0.010 20/40 30 

| B - 3 3 Perched Zone 11/07/01 1,816,649.98 6,509,752.83 137.59 1.5 Schedule 40 P V C 21-25 0.010 2/16 26 

B-34 Perched Zone 11/08/01 1,816,558.24 6,509,788.03 137.21 1.5 Schedule 40 P V C 19-24 0.010 2/16 24 

B-35 Perched Zone 11/07/01 1,816,629.32 6,509,670.08 138.03 1.5 Schedule 40 P V C 23-28 0 010 2/16 28 

B-36 Perched Zone 11/07/01 1,816,855.43 6,509,622.58 139.78 1.5 Schedule 40 P V C 23-28 0.010 2/16 28 

B-37 Perched Zone 11/08/01 1,817,369.54 6,509,379.23 153.78 1.5 Schedule 40 P V C 31-36 0.010 2/16 36 

B-38 Perched Zone 01/10/02 1,817,428.13 6,509,346.80 153.33 2 Schedule 40 P V C 29-34 0.010 2/16 34 

B-39 Perched Zone 11/08/01 1,817,104.79 6,509,217.90 140.08 1.5 Schedule 40 P V C 18-28 0 010 2/16 28 

SV-1 Perched Zone 11/01/97 1,817,147.76 6,509,478.45 145.10 4 Schedule 40 P V C 10-35 0 010 2/16 35 

SV-2 Perched Zone 12/01/97 1,817,247.09 6,509,445.60 148.36 4 Schedule 40 P V C 15-35 0.010 2/16 35 

S V - 3 Perched Zone 12/01/97 1,817,260.03 6,509,395.92 148.27 4 Schedule 40 P V C 15-35 0.010 2/16 35 
SV-4 Perched Zone 12/01/97 1,817.086.72 6,509,543.45 146.19 4 Schedule 40 P V C 15-35 0.010 2/16 35 
S V - 5 Perched Zone 12/01/97 1.817.002.43 6,509,526.95 140.91 4 Schedule 40 P V C 15-35 0.010 2/16 35 



TABLE 2-2 
Existing Well Construction Data - Exposition Aquifer Wells 

A s s o c i a t e d T o p of C a s i n g ' S c r e e n S lo t Constructed 

H y d r o g e o l o g i c Date C a s i n g D iameter S c r e e n i n g S i z e Filter Pack Total Depth 

Well I.D. Uni t Ins ta l led Nor th ing E a s t i n g E l e v a t i o n ( i nches ) We l l Ma te r i a l Interval ( i nches ) Sand Size (bgs) 

M W - 0 1 - 8 0 A and B Zones 05/17/97 1,817.283.00 6.509.290.20 146.04 2 S c h e d u l e 40 P V C 5 9 - 7 9 0.020 No. 3 79 

M W - 0 2 - 9 5 B Zone 05/13/97 1.817,006.10 6.509.548.80 144.61 2 S c h e d u l e 40 P V C 80 - 100 0.020 No. 3 100 

M W - 0 3 - 8 5 A and B Zones 05/16/97 18.168.741.40 6.509.616.60 139.50 2 S c h e d u l e 40 P V C 64 • 84 0 020 No. 3 84 

M W - 0 4 - 8 5 A and B Zones 05/14/97 1.815.867.00 6.509.692.90 140.42 2 S c h e d u l e 40 P V C 64 - 84 0.020 No. 3 84 

M W - 0 5 - 8 6 A and B Zones 03/23/01 1.816.734.27 6.509.491.42 137.30 4 S c h e d u l e 80 P V C 70 - 85 0.010 2/16 85 

M W - 0 5 - 1 0 5 C Zone 07/24/03 1,816.742.66 6.509.492.93 137.50 4 S c h e d u l e 80 P V C 95-105 0.010 2/16 and 0/30 105 

M W - 0 5 - 1 3 5 D Zone 04/02/01 1.816.726.81 6.609,490.50 137 57 4 S c h e d u l e 80 P V C 126 - 136 0.010 2/16 136 

M W - 0 6 - 8 5 B Zone 03/27/01 1.816.953.90 6.509.201.74 138 66 4 S c h e d u l e 80 P V C 79 - 84 0.010 2/16 84 

M W - 0 7 - 7 5 A Zone 03/26/01 1.816.531.15 6.509.817.14 137.19 4 S c h e d u l e 80 P V C 65 • 75 0.010 2/16 75 

M W - 0 7 - 1 3 0 D Zone 04/06/01 1,816.447.79 6.509.846.61 136.97 4 S c h e d u l e 80 P V C 120 - 130 0.010- 2/16 130 

M W - 0 8 - 7 0 A Zone 03/28/01 1.816.346.91 6.609.419.25 136 90 2 S c h e d u l e 40 P V C 63 - 68 0.010 2/16 68 

M W - 0 8 - 8 5 B Zone 03/28/01 1.816.346.91 6,509.419.25 136.84 2 S c h e d u l e 40 P V C 79 - 84 0 010 2/16 84 

M W - 0 9 - 7 0 A Zone 03/30/01 1.816.611.11 6.509.268.06 137 44 2 S c h e d u l e 40 P V C 66 - 70 aolo 2/16 70 

M W - 0 9 - 8 5 B Zone 03/30/01 1.816.611.11 6.509.268.06 137.53 2 S c h e d u l e 40 P V C 80 - 86 0.010 2/16 85 

M W - 1 0 - 7 5 A Zone 04/02/01 1.816.416 06 6.508.720.43 138.63 2 S c h e d u l e 40 P V C 68 - 73 0.010 2/16 73 

M W - 1 0 - 9 0 B Zone 04/02/01 1.816.416.06 6.508.720.43 138.49 2 S c h e d u l e 40 P V C 87 - 92 0.010 2/16 92 

M W - 1 0 - 1 1 0 C Zone 04/06/01 1.816.426.52 6.508.721.65 138.52 4 S c h e d u l e 80 P V C 100 - 110 0.010 2/16 110 

M W - 1 0 - 1 7 0 E Zone 04/06/01 1.816.420.98 6.508.721.10 138.59 4 S c h e d u l e 80 P V C 163 • 173 0.010 2/16 173 

M W - 1 M 0 0 C Zone 03/29/01 1.816.186.04 6.609.927 41 136.08 4 S c h e d u l e 80 P V C 96 - 100 0.010 2/16 100 

M W - 1 2 - 7 0 A Zone 04/03/01 1.816.799.51 6.508.772.17 138.56 2 S c h e d u l e 40 P V C 6 5 - 7 0 0 0 1 0 2/16 70 

M W - 1 2 - 9 0 B Zone 04/03/01 1.816.799.51 6,608.772.17 138.58 2 S c h e d u l e 40 P V C 8 5 - 9 0 0.010 2/16 90 

M W - 1 2 - 1 5 0 D Zone 04/10/01 1,816.794.10 6.508.771.38 138.56 4 S c h e d u l e 80 P V C 1 3 8 - 148 0.010 2/16 148 

M W - 1 3 - 8 5 B Zone 04/04/01 1.816.563.36 6.509.621.22 137 72 4 S c h e d u l e 80 P V C 80 - 85 0.010 2/16 86 

M W - 1 4 . 8 0 A Zone 11/14/01 1.817.059.40 6.509.596.87 146.02 2 S c h e d u l e 40 P V C 7 6 - 8 1 0.010 2/16 81 

M W - 1 4 - 9 0 B Zone 11/14/01 1.817.059.40 6.509.595.87 145.93 2 S c h e d u l e 40 P V C 8 7 - 9 2 0.010 2/16 92 

M W - 1 5 - 7 0 A Zone 11/28/01 1.816.968.14 6.509.596.64 142.52 2 S c h e d u l e 40 P V C 63 - 68 0.010 2/16 68 

M W - 1 5 - 8 6 B Zone 11/19/01 1.816.965.16 6.509.598.63 141.94 2 S c h e d u l e 40 P V C 80 - 85 0.010 2/16 85 

M W - 1 6 - 7 0 A Zone 11/15/01 1.816.956.66 6.509.582.81 140 80 2 S c h e d u l e 40 P V C 63 - 68 0.010 2/16 68 

M W - 1 6 - 9 0 B Zone 11/15/01 1.816.955.66 6.509.582.81 140.77 2 S c h e d u l e 40 P V C 84 - 89 0.010 2/16 89 

M W - 1 7 - 7 0 A Zone 11/26/01 1.816.938.93 6.509.601.15 141.27 2 S c h e d u l e 40 P V C 6 3 - 6 8 0.010 2/16 68 

M W - 1 7 - 8 5 B Zone 11/26/01 1.816.936.67 6.509.602.56 141.28 2 S c h e d u l e 40 P V C 78 - 83 0 0 1 0 2/16 • 83 

M W - 1 7 - 9 5 B Z o n e 11/28/01 1.816.934.38 6.509.598.88 140.86 2 S c h e d u l e 4 0 P V C 90 - 92.5 0.010 2/16 92.5 

M W - 1 8 - 7 0 A Zone 11/16/01 1.816.939.40 6.503.578.16 139.49 2 S c h e d u l e 40 P V C 6 2 - 6 7 0.010 2/16 67 

M W - i a - 8 5 B Z o n e 11/16/01 1.818.939.40 6.509.578.16 139.29 2 S c h e d u l e 40 P V C 81 • 86 0.010 2/16 86 

M W - 1 9 - 7 0 A Zone 11/27/01 1.816.925.51 6.509.569.71 139 25 2 S c h e d u l e 40 P V C 6 2 - 6 7 0.010 2/16 67 

M W - 1 9 - 9 0 B2 Zone 11/27/01 1,816.925.61 6.609.569.71 139.59 2 S c h e d u l e 40 P V C 8 2 - 8 7 0.010 2/16 87 

M W - 2 0 - 7 0 A Zone 7/31/2003 1.817.069.43 6.509.264.63 145.48 2 S c h e d u l e 40 P V C 63-68 0.010 2/16 68 

IMW-20-86 B Zone 7/31/2003 1,817,059.43 6.509.264.63 145.53 2 S c h e d u l e 40 P V C 78-83 0.010 2/16 83 

| M W - 2 1 - 8 0 A Zone 07/29/03 1.817.176.06 6.509.413.88 147 38 2 S c h e d u l e 40 P V C 68-78 0.010 2/16 78 

| M W - 2 1 - 9 0 B Zone 07/29/03 1.817.176.06 6.509.413 88 147.44 2 S c h e d u l e 40 P V C 85-90 0.010 2/16 90 

| M W - 2 2 - 7 5 A Zone 07/30/03 1.817.251.95 6.509.601.06 149.18 2 S c h e d u l e 40 P V C 69-74 0.010 2/16 74 

| M W - 2 2 - 9 0 B Zone 07/30/03 1.817.261.95 6.509.501.06 147.96 2 S c h e d u l e 40 P V C 89-94 0.010 2/16 94 

| M W - 2 3 - 1 1 0 C Zone 07/18/03 1,816,937.33 6.509.425.55 138.13 4 S c h e d u l e 80 P V C 99-109 0.010 2/16 and 0/30 109 

M W - 2 3 - 1 4 6 D Zone 07/17/03 1.816.936.68 6.509.431.04 137.93 4 S c h e d u l e 80 P V C 135-145 0.010 2/16 and 0/30 146 

M W - 2 4 - 1 1 0 C Zone 08/19/03 1.816.907.24 6.509.620.90 140.50 4 S c h e d u l e 80 P V C 100-110 0.010 2/16 and 0/30 110 

M W - 2 4 - 1 4 0 D Zone 08/18/03 1.816,908.46 6,509,606.73 139.90 4 S c h e d u l e 80 P V C 130-140 0 010 2/16 and 0/30 140 

M W - 2 5 - 1 1 0 C Zone 07/23/03 1.816.781.50 6.509.727.83 137.92 4 S c h e d u l e 80 P V C 102-107 0.010 2/16 and 0/30 107 

M W - 2 5 - 1 3 0 D Zone 07/22/03 1,816,776.71 6.509.729.69 138.03 4 S c h e d u l e 80 P V C 120-130 0.010 2/16 and 0/30 130 
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TABLE 2-3 
Site Stratigraphy 

STRATIGRAPHIC 
ZONE 

AVERAGE 
DEPTH 

INTERVAL 

GENERAL LITHOLOGY GENERAL GEOTECHNICAL 
CHARACTERISTICS 

Upper Vadose Zone Surface to 
25' bgs 

Surficial fill from 2' to 6' deep. Undertying native soils are predominately fine SM sands from 1' to 20' thick interbedded with fine SP and SP-SM 
sands from 2" to 6' thick. Local discontinuous lenses of silt/clay ranging from 3" to 4' thick are also present within upper vadose zone Interval. • Total Porosity: 40% to 47% 

• TOG: 1.15% to 2.12% 
• Less than 200 Sieve: 14% to 33% 

Perched Zone 25' to 30' bgs Fine silty sand ranging from 6" to 4' thick. Locally, perched zone is compnsed of sandy silts or silt with sand ranging from 1' to 3' thick. 
• Total Porosity: 42% to 48% 
• TOC: 0.92% to 1.14% 
• Less than 200 Sieve: 21 % to 25% 

"Perching" Clay Top of Clay ranges 
from 25' to 35' bgs 

Silty Lean and Fat clays ranging from 1' to 15' thick compnse top of perching unit and are underiain and interbedded with clayey and sandy silts 
ranging from 1' to 8' thick. Perching lithosome ranges from 10' to 20' total thickness. • Total Porosity: 32% to 50% 

• TOC: 0.48% to 3.71% 
Less than 200 Sieve: 77% to 90% 

Lower Vadose Zone Sand 40' to 50' bgs Predominately fine to medium SP sands and gravelly SW sands from 1' to 14' thick with local intervals of SM and SP-SM sands from 6" to 3' thick. 
Local interbeds of silt lenses from 6" to 4' thick are within this unit. Coarser units are derived from granitic source rocks. • Total Porosity: 46% to 54% 

• TOC: 0.2% to 5% 
Less than 200 Sieve: 1 % to 4% 

Lower Vadose Zone (Fine-
Grained interval) 

50' to 65' bgs Lean and Fat Clays ranging from 6" to 5' thick interbedded with Sandy and Clayey Silts ranging from 2' to 20' thick. Local discontinuous lenses of 
unsaturated SP and SM sands are present from 6" to 2" thick within interval. • Total Porosity: 47% to 68% 

• TOC: 2.4% to 5.5% 
Less than 200 Sieve: 57% to 97% 

Exposition "A" 65' to 75' bgs Fine SM and SP sands locally interbedded with SW sands. Thickness is highly variable ranging from 3" to 10' thick. Interval is comprised of a 
series of discontinuous saturated sand lenses. • Total Porosity: 44% to 69% 

• TOC: 0.66% to 3% 
Less than 200 Sieve: 1.0% to 46% 

- K range: 2.277E-03 to 8.281 E-04 

"A" - "B" Fine-Grained 75' to 80' bgs Fat and Lean Clays with local interbeds of Clayey Silt with sand. Interval ranges from 5' to 10' thick and is continuous where both "A" and "B" 
aquifer zones are present. • Total Porosity: 46% to 49% 

• TOC: 2.63% 
Less than 200 Sieve: 88% to 94% 

Exposition "Bl" 

Exposition "82" 

80' to 90' bgs 

90' to 92' bgs 

Fine SM, SP and SM-SP sands ranging from 1.5' to 10' thick. Some of the thicker portions of the unit have interbeds of silt/clay to 1' thick. The "B" 
zone is continuous throughout site vicinity. 

Fine SM, SC and SP-SM sands ranging from 1.5' to 2' thick. This secondary unit has only been observed underiying the southernmost portion of 
the site where it is separated by the overiying Bi unit by 1' to 3' of fat clay. This unit has not been observed offsite in any of the locations sampled 
below 90' bg. 

- Total Porosity: 55% to 56% 
• TOC: 0.6% to 0.64% 

Less than 200 Sieve: 4% 
• K range: 1.046E-01 to 1.078E-03 

"B" - "C" Fine-Grained 90' to 100' bgs Predominately Fat and Lean Clays from from 8' to 10' thick with local interbeds Sandy Silts from 1' to 5' thick. Total thickness of unit ranges from 7' 
to 12'. - Total Porosity: 40% to 47% 

• TOC: 0.92% to 2.12% 
Less than 200 Sieve: 14% to 33% 

Exposition "C" 100' to 105' bgs Fine SM, SP and SP-SM sands ranging from 2' to 6' thick. Appears to be continuous throughout the site vicinity within the 95' to 110' depth 
interval. • Total Porosity: 40% to 47% 

• TOC: 0.92% to 2.12% 
Less than 200 Sieve: 14% to 33% 
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TABLE 2-3 (continued) 
Site Stratigraphy 

STRATIGRAPHIC 
ZONE 

AVERAGE 
DEPTH 

INTERVAL 

GENERAL LITHOLOGY GENERAL GEOTECHNICAL 
CHARACTERISTICS 

" C " - " D " Fine-Grained 105'to 125' bgs Lean and Fat Clays form 3' to 6' thick interbedded with Sandy and Clayey Silts from 4' to 12' thick. Total unit thickness ranges from 18' to 30'. 
• Total Porosity: 40% to 47% 
• TOC: 0.92% to 2.12% 
• Less than 200 Sieve: 14% to 33% 

Exposition "D" 125'to 140' bgs Interbedded fine SM, SP and SP-SM sands, SW sands and gravelly sands and local GW intervals. Total thickness rages from 6' to 15'. 
• Total Porosity: 40% to 47% 
• TOC: 0.92% to 2.12% 

Less than 200 Sieve: 14% to 33% 

" D " - " E " Fine-Grained 140'to 160' bgs Predominately Clayey Silt with local interbeds of Lean Clays. Thickness ranges from 12' to 18'. Local saturated SM sand lenses to 2' thick located 
within interval. • Total Porosity: 40% to 47% 

• TOC: 0.92% to 2.12% 
Less than 200 Sieve: 14% to 33% 

Exposition " E " 160'to 175' bgs Alternating intervals of 1' thick fine SM sands and SW sands. 
• Total Porosity: 40% to 47% 
• TOC: 0.92% to 2.12% 

Less than 200 Sieve: 14% to 33% 

Lower Exposition 
Fine-Grained 

175'to??? Clay with Silt finely laminated with Silt. Local lenses of medium SP sand 6" thick. 
• Total Porosity: 40% to 47% 
• TOC: 0.92% to 2.12% 

Less than 200 Sieve: 14% to 33% 
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TABLE 2-4 
Summary of Environmental Assessment Activities for the Pemaco Site 

(Table only includes reports involving actual site activities) 

Company Report 
Date Scope and Summary of Investigation 

Active Leak 
Testing, Inc. 
(ALT) 

12/26/90 

Subject Site Assessment Investigation Report 

• 16 soil borings (B-1 through B-16) drilled from 30' to 40' below ground surface (bgs), sampled every 5'. 
• Locations of the borings were determined from a previous soil vapor survey performed by ALT. 
• Each soil sample analyzed for benzene, toluene, ethylbenzene, and xylenes (BTEX) and non-

halogenated volatiles, 2 samples from each boring analyzed for volatile organic compounds (VOCs) as 
determined by photo ionization detector (PID) readings. 

• Contaminants detected in every boring, toluene and paraldehyde were the most prevalent, but benzene, 
tetrachloroethene (PCE), 1,1-Dichloroethene (1,1-DCE) and trichloroethene (TCE) were the only 
chemicals exceeding regulatory levels. 

• Each boring converted to shallow monitoring well (B-1 through B-16). 
• No indication in report of any water sampling performed. 

Ecology and 
Environment, 
Inc. (E&E) 

2/25/94 

Final Site Assessment Report 

• Describes visual site characterization activities performed by E&E (contracted by the USEPA) to assess 
whether federal involvement was warranted. The site had been abandoned and the warehouse burnt 
down in December 1993, 31 underground storage tanks (USTs), 4 aboveground storage tanks (ASTs), 
6 drums and one 15'-diameter open borehole remained onsite. 

• The borehole was grouted and a fence was placed around the site as an initial security measure. 
• The six remaining drums were sampled and removed and all the UST standpipes were locked. 

Ecology and 
Environmental, 
Inc. 03/10/98 

Pemaco Maywood Expanded Site Inspection 

• Details Expanded Site Assessment activities performed by the E&E's Emergency Response team over 
the time period between February - May 1997. 

• 118 shallow soil samples (5' bgs), 102 collected beneath concrete pad (former drum storage) and 19 
others collected in UST and AST areas. All samples analyzed for VOCs. Majority of detects were 
BTEX, 1,1,1-Trichloroethane (1,1,1-TCA), PCE and acetone mainly found in northern portion of former 
drum storage pad. 

• 6 soil borings (SSB-1 through SSB-4, SMW-1 and SMW-2) completed to 90' bgs, samples collected 
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TABLE 2-4 
Summary of Environmental Assessment Activities for the Pemaco Site 

(Table only includes reports involving actual site activities) 

Company 
Report 
Date 

Scope and Summary of Investigation 

Ecology and 
Environment, 
Inc. (continued) 

approx. every 10' and analyzed for VOCs. 
Acetone, 1,1- DCE, 1,1-Dichloroethane (1,1-DCA) and TCE were main detects. SSB-3 and SSB-4 had 
majority of hits [(TCE up to 1,200,0000 parts per billion (ppb) at 15' (SSB-3)] and 990 ppb at 80' (SSB-
4). 
Two of these borings converted to deep monitoring wells and 2 more deep (80') monitoring wells (MW-3 
and MW-4) installed downgradient with no soil sampling. 
Groundwater samples collected from all perched wells (B-1 through B-16) and analyzed for VOCs, 
product found in 3 of the wells (B-2, B-6 and B-9). 
Product wells sampled and analyzed and found to be 20% - 30% gasoline range hydrocarbons. 
Chlorinated VOCs found in all perched wells sampled from <10 to 180 ppb. 
TCE found in groundwater samples from MW-2 through MW-4 from 430 (MW-2) to 11,000 ppb (MW-4), 
MW-1 was non detect (ND). 

Ecology and 
Environmental, 
Inc. 

03/98 

Subsurface Investigation 

• All USTs were removed in August through September 1997 except for one UST that was abandoned in 
place and all above ground structures were demolished and removed by the Emergency Response 
group. Horizontal screened piping was laid down in tank pits before backfilling to be hooked up to a 
future soil vapor extraction (SVE) system. 

• 44 surface (0.5') and near surface samples (2.5') were collected from 22 locations spread throughout the 
site in the UST, AST and warehouse areas in October 1997. 
Also, 6 samples from 3 locations in former sump area (south of existing SVE manifolding). 
All soil samples were analyzed for VOCs. 
PCE and 1,1,1-TCA were most prevalent (up to 927 ppb). 
22 soil vapor locations (10' - 15' bgs) and 14 locations (18' - 25' bgs) were field screened using a flame 
ionization detector/photoionization detector (FID/PID), flame-out occurred due to lack of oxygen at 18 
locations and 15 of the locations had reading >10,000 parts per million in volume (ppmv). 
15 soil vapor samples were collected from selected locations mentioned above and analyzed for VOCs. 
Toluene, 1,1,1-TCA, PCE, methylene chloride and xylenes were the most prevalent (up to 1,280 ppmv). 
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TABLE 2-4 
Summary of Environmental Assessment Activities for the Pemaco Site 

(Table only includes reports involving actual site activities) 

Company Report 
Date 

Scope and Summary of Investigation 

Ecology and 
Environment, 
Inc. (continued) 

44 sub-surface soil samples from the 22 locations were collected (co-located with the soil vapor and 
near surface locations) from 12' and 22' bgs. 
All 44 samples were analyzed for VOCs and a selected 10 samples were analyzed for semivolatile 
organic compounds (SVOCs). 
1,1-DCE, TCE, BTEX, 1,2,4-Trimethybenzene, 1,3,5-Trimethylbenzene, 4-Methyl-2-pentanone were the 
prevalent VOCs (up to 237 ppm). 
Phenol and naphthalene were most prevalent SVOCs (up to 11 ppm). 
Deep wells MW-1 through MW-4 were re-sampled and analyzed for VOCs in November 1997. 
MW-2 through MW-4 had hits of TCE from 1,090 ppb (MW-2) to 8,590 ppb (MW-3), MW-1 was ND 
results lower than the May 1997 sampling. 
Report concludes that in general the VOCs detected in all media consisted of: acetone, 4-methyl-2-
pentanone, BTEX, methylene chloride, 2-butanone, TCE, PCE, 1,1-DCE, 1,1-DCA and 1,1,1-TCA. 
Some levels were above USEPA Region IX Residential Preliminary Remediation Goals (PRGs) and Soil 
Screening Levels (SSLs) (threat to groundwater); no SVOCs exceeded PRGs or SSLs. 
Groundwater gradients calculated for the perched zone and Exposition groundwater zone(s) from data 
collected during the water sampling. 
Perched zone characterized as discontinuous and sporadic with overall flow north towards the LA River 
with many localized mounds and sinks causing varying flow directions. 
Exposition groundwater zone(s) flow calculated to be towards the south. 

CET 
Environmental 
Services, Inc. 

03/98 

Design Report 

• Document is a design report for the SVE system with several schematics and discussion of design 
parameters for the SVE system. 
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TABLE 2-4 
Summary of Environmental Assessment Activities for the Pemaco Site 

(Table only includes reports involving actual site activities) 

Company Report 
Date 

Scope and Summary of Investigation 

CET 
Environmental 
Services, Inc. 

2/4/99 
1/4/99 
11/12/98 
10/29/98 
9/2/98 
8/5/98 
7/8/98 
6/8/98 
5/11/98 
4/4/98 

Vapor Extraction Reports 

• Each of these documents is a monthly SVE system report with field PID measurements of influent and 
effluent concentrations, system parameter measurements and mass removal calculations. 

• Documents also give details of system adjustments and carbon usage 
• The February 1999 document (last report before system shut-down) reported that a total of 144,412 

pounds (lbs) of hydrocarbons were removed from the site through vapor extraction and natural 
degrading. 

CET 
Environmental 
Services, Inc. 

5/6/98 

Pemaco Stack Test 

• Stack test results for thermal oxidation unit. 

Ecology and 
Environmental, 

Inc. 05/99 

Pemaco Removal Site Final Report 

• Report summarizes work listed above by CET and also summarizes pilot testing (SVE, in-situ respiration 
and bio-slurping) of remedial techniques. 

• A soil vapor well (SV-1) was installed in the former UST area along with three vapor monitoring points 
(VMP-1 - VMP-3) to monitor the SVE system. 

• A 2-day in-situ respiration test concluded that a mass destruction of 300 lbs per month of VOCs was 
possible. 

• A 2-day bio-slurping test was conducted, it was concluded that this was not effective in removing free 
product in the perched zone. 

• The soil vapor extraction pilot test concluded that 33,000 lbs per month of VOCs could be removed from 
the site. 

• Ultimately the SVE system with 5 "SV" wells (SV-1 - SV-5), all the existing ALT wells, (B-1, B-3 - B-16) 
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TABLE 2-4 
Summary of Environmental Assessment Activities for the Pemaco Site 

(Table only includes reports involving actual site activities) 

Company Report 
Date 

Scope and Summary of Investigation 

Ecology and 
Environmental, 
Inc. (continued) 

and the horizontal wells placed in the tank pit backfills were plumbed into a system with carbon canisters 
and a thermox unit, which were operated by CET as documented above. 

• SVE system operates from March 1998 to March 1999 when it was shut down due to community 
concerns. 

• From the weekly monitoring readings and measurements, it was calculated that the SVE system 
removed 67,610 lbs of contaminants. 

• An additional 82,294 lbs of hydrocarbons were destroyed by natural degradation during the 1 year SVE 
operation according to calculations. 

T N & 
Associates, 
Inc. 12/00 

Preliminary Summary of Groundwater and SVE System Sampling Events 

• This is an internal draft document that was not formally submitted outlining sampling activities 
performed to assess current site conditions (current In 2000). 

• Scope included testing of lo-flo sampling equipment, sampling of perched wells and Exposition 
groundwater zone(s) wells, and sampling of the dormant vapor extraction system by connecting a 
mobile blower to it, applying vacuum and collecting samples out of the sampling ports located on the 
manifold. 

• Perched wells B-1, B-3, B-4, B-5, B-10, B-13, SV-1 and SV-5 were lo-flo sampled (other wells were dry 
or obstructed) and analyzed for total petroleum hydrocarbons-gasoline range (TPH-g), VOCs, SVOCs 
and non-halogenated VOCs (NHVOCs). 

• Well B-15 was found to contain 6' of floating free product; the product was sampled and was 
characterized as kerosene range organics by the USEPA Region IX lab. 

• Every perched well sampled had detectable concentrations of TPH-g at 60 ppb (B-10) to 2,600 ppb (B-
13). 

• VOCs in the perched wells were predominately acetone (up to 6,200 ppb) and BTEX (up to 100 ppb). 
The chlorinated compounds 1,1,1-TCA, 1,1-DCA, 1,1-DCE, PCE, TCE and vinyl chloride were semi-
prevalent and ranged from 0.3 ppb to 750 ppb. 

• SVOCs were detected in the perched wells from 19 ppb (naphthalene) to 150 ppb (4-methyl phenol) and 
were not as prevalent as the VOCs. 
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TABLE 2-4 
Summary of Environmental Assessment Activities for the Pemaco Site 

(Table only includes reports involving actual site activities) 

Company 
Report 
Date 

Scope and Summary of Investigation 

TN & Associates, 
Inc. (continued) 

NHVOCs were detected in the perched wells from 0.16 ppm to 7.53 ppm (acetone, 1,4-dioxane, MEK 
and isopropanol). 
The 4 Exposition groundwater zone(s) wells (MW-1 - MW-4) were lo-flo sampled and also analyzed for 
TPH-g, VOCs, SVOCs and non-halogenated volatile organic compounds (NHVOCs). 
TPH-g ranged from 2,200 ppb (MW-2) to 10,000 ppb (MW-3) in MW-2 through MW-4, MW-1 was ND. 
VOCs detected in the wells MW-1 through MW-4 were TCE, cis-1,2-DCE, TCE, methylene chloride and 
cyclohexane ranging from 0.2 ppb to 13,000 ppb. The predominant VOC in the Exposition wells is TCE. 
Well MW-1 had only trace hits of VOCs, none more than 2.1 ppb. 
SVOCs above detection limits in the Exposition wells were 4-Methylphenol (12 ppb to 190 ppb) and 
naphthalene (19 ppb). 
The only NHVOC detected in the Exposition wells was acetone on MW-2 at 200 ppb. 
The gradient of the perched groundwater zone measured during this event indicated that no prevalent 
gradient direction existed and the potentiometric surface was highly irregular. 
Based on the three data points (MW-2, MW-3 and MW-4), the groundwater gradient direction in the 
upper Exposition groundwater zones was toward the west. 
It was concluded that the vertical and lateral extent of groundwater contamination in the perched zone. 
Exposition groundwater zones and deeper aquifers is not defined. 
Summa sampling of the dormant vapor system indicated trace to low concentrations of BTEX, 1,1-DCE, 
cis-1,2-DCE, vinyl chloride, methylene chloride, 1,1-DCA, 1,1,1-TCA TCE; PCE; acetone; chloroethane; 
propylene; hexane; and cyclohexane ranged from <0.5 ppbv to 4,400 ppbv (cis-1,2-DCE in well B-3). 
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TABLE 2-4 
Summary of Environmental Assessment Activities for the Pemaco Site 

(Table only includes reports involving actual site activities) 

Company 
Report 
Date 

Scope and Summary of Investigation 

T N & 
Associates, Inc. 

October 
2002 

Draft Remedial Investigation Report, Pemaco Superfund Site 

• The following is a summary of Remedial Investigation (Rl) Activities that were performed at the 
Pemaco site and adjacent areas from January 2001 through April 2002. 

66 soil gas samples from 66 different locations were collected from 5' bgs and analyzed for VOCs. 
Completion of soil borings including the following: 

- 14 borings to 90' bgs via Cone Penetrometer Test (CPT); 
- 46 borings to 25'-35' bgs via Geoprobe; 
- 9 borings to 90'-100' bgs and 1 boring to 130' bgs via hollow stem auger; and 
- 4 borings to 110'-175' bgs via mud-rotary rig. 

Collection of soil samples from soil borings, including the following: 
- 152 upper vadose zone samples for VOCs, SVOCS, solvents, and metals; 
- 19 samples for total organic carbon (TOC) analysis; 
- 150 surface and near-surface samples via Geoprobe rig for SVOCs and metals; 
- 71 lower vadose zone samples for VOCs, SVOCs, solvents, and metals; 
- 25 lower vadose zone samples for TOC analysis; 
- 38 lower vadose zone samples for geotechnical parameters; and 
- 5 lower vadose zone samples for TOC and geotechnical parameters. 
Conversion of 14 soil borings to 18 monitoring wells (4 were double-nested). Soil borings ranged in 
depth from approximately 68 feet to 174 feet bgs. 
Installation of 16 perched zone monitoring wells via a Geoprobe rig. 
Groundwater monitoring: 
- May 2001 (34 new wells, 23 existing wells) 

- Samples collected from 51 wells for VOCs, solvents, SVOCs, metals, cyanide, CrVI, CO2, TOC, 
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TABLE 2-4 
Summary of Environmental Assessment Activities for the Pemaco Site 

(Table only includes reports involving actual site activities) 

Company Report 
Date 

Scope and Summary of Investigation 

TN & Associates, 
Inc. (continued) 

methane, ethane, and ethene; 
- 3 wells (B-7, B-14, and B-16) were dry; 
- 3 wells (B-15, B-28, and B-29) had free product. 

- September 2001 (54 existing wells) 
- Samples collected from 37 wells for VOCs; 
- 8 additional samples collected for ferrous iron, sulfate, chloride, sulfide, and alkalinity; 
- 5 wells (B-7, B-11, B-12, B-14, and B-16) were dry; 
- 4 wells (B-08, B-15, B-28, and B-29) had free product. 

- January 2002 (21 new wells, 54 existing wells) 
- Samples collected from 43 wells for VOCs and NHVOCs; 
- 6 wells (B-07, B-08, B-11, B-14, B-16, and B-34) were dry; 
- 3 wells (B-15, B-28, and B-29) had free product. 

- April 2002 (75 existing wells) 
- Samples from 57 wells for VOCs and NHVOCs; 
- 7 wells (B-07, B-08, B-11, B-14, B-16, B-30, and B-34) were dry; 
- 3 wells (B-15, B-28, and B-29) had free product. 

Collection of groundwater level measurements: 
- 35 perched zone wells in October 2000, June 2001, September 2001, January 2002 and April 

2002 (quarterly gauging on-going since April 2002); 
- 22 Exposition groundwater zone(s) wells weekly for the month of May 2001, and monthly from 

June 2001 to present (measurements were used to evaluate the effects of the active Maywood 
production wells on the Exposition groundwater zones. 

Quarterly monitoring has been on-going since April 2002. 
Groundwater aquifer testing: 

- Conducted in December 2001 on Exposition A ' and 'B' groundwater zones (slug, step-
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TABLE 2-4 
Summary of Environmental Assessment Activities for the Pemaco Site 

(Table only includes reports involving actual site activities) 

Company Report 
Date 

Scope and Summary of Investigation 

drawdown and 72-hour continuous test). 
• Soil vapor and Summa canister samples of indoor/outdoor air were collected from private residences 

adjacent to Pemaco in July 2001 and March 2002. 

T N & 
Associates, Inc. 

• Analytical results of the above activities were not summarized due to the large amount of data 
produced, however, the Rl activities have completely delineated the vertical and horizontal 
extent of soil and groundwater contamination sourced from the Pemaco property. 

• Results of the Rl activities may be referenced in the Final Remediation Investigation Report, 
Pemaco Superfund Site, Maywood, California (TN&A, March 2004). 
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TABLE 2-5A 
Chemicals Exceeding USEPA Region IX PRGs for Ambient Air 

Indoor/Outdoor Air 

Chemical 
USEPA PRG 

(//g/m') 
Maximum Concentration Found in 

indoor/Outdoor Air 

Benzene 0.23 16 (SUMMA 5119) 
Chloroform 3.1/0.35* 8.8 (SUMMA 5114) 

Chloromethane 1.1 6.19 (5100 59th Place) 

1,2-Dichloroethane 0.074 6.5 (SUMMA 1) 

1,3-Dichlorobenzene 3.3 6.01 (5000/51 SOA 59th Place) 

1,4-Dichlorobenzene 0.31 541.1 (SUMMA 5119) 

Dichlorodifluoromethane 210 939.6 (SUMMA 5000) 

Hexachlorobutadiene 0.086 8.4 (SUMMA 5014) 

Methyl tert butyl ether 19/3.7* 72.1 (SUMMA 5119) 

Tetrachloroethene 0.67 24.4 (SUMMA 7) 
1,2,4-Trimethylbenzene 6.2 21.1 (SUMMA 7) 

Notes: 

(1.) 'fjg/m^' - microgram per cubic meter. 

(2.) Maximum ambient air concentrations obtained from July 2001 and March 2002 sampling events. 

(3.) Maximum concentration followed in parentheses by the sample location. 
(4.) USEPA Region IX Preliminary Remediation Goals (PRGs) are tools for evaluating and cleaning up contaminated sites. They are 
risk-based concentrations combining exposure information and EPA toxicity data for each environmental media; in this case, ambient 
air. PRGs should be viewed as Agency guidelines, not legally enforceable standards. 

(5.) '*' - state of California modified PRG. 



TABLE 2-5B 
Chemicals Exceeding USEPA Region IX PRGs for Ambient Air (xlOO) 

Soil Vapor, 5 feet and 15 feet bgs 

Chemical 

USEPA PRG 
X ICQ 

(//g/m') 

Maximum Concentration 
5 feet bgs 

February 2001 (FASP Lab) 

IVIaximum Concentration 
5 feet bgs 

July 2001 & March 2002 

Maximum Concentration 
15 feet bgs 

July 2001 & March 2002 

Benzene 23 - 92.7 (SV2002-4-5) 204.5 (SV2002-5-15) 
Bromodichloromethane 11 - - 107.2 (SV2002-5112-15) 
Chloroform 8.4 1,000 (GP-SV-SO20, GP-SV-09) 73.3 (LFSG 19) 146.5 (SV2002-5112-15) 
Chloromethane 310/35* - - 169.3 (SV2002-5002-15) 
Dibromochloromethane 8.0 - - 12.8 (SV2002-5112-15) 
cis-1,2-Dichloroethene 3,700 26,000 (GP-SV-05) - -
1,1-Dichloroethane 52,000/120* 8,000 (GP-SV-04) 202.4 (SV2002-5002-5) 388.6 (SV2002-5002-15) 
1,1-Dichloroethene 21,000.0 36,000 (GP-SV-S011) 1,070.6 (SV2002-5002-5) 2,379.1 9 (SV2002-5002-15) 
1,1,2,2-Tetrachloroethane 3.3 ~ 6.9 (SV2002-5100-5) 8.3 (SV2002-5021-15) 
Tetrachloroethene 67 140,000 (GP-SV-09) 4,205.1 (SV2002-5-5) 1,288.7 (SV2002-5-15) 
Trichloroethene 1.7 11,000 (GP-SV-05) 2,416.4 (SV2002-5-5) 10,739.5 (SV2002-4-15DJ^ 

Notes: 

(1.) '^g/m^' - microgram per cubic meter. 

(2.)"~" data not available 

(3.) Maximum soil vapor concentrations obtained from February 2001, July 2001 , and March 2002 sampling events. Because the laboratory used during the February 2001 event was a 
field lab (Field Analytical Screening Program - FASP lab), which typically have higher method detection limits than fixed laboratories (as used during the July 2001 and March 2002 
events), a separate column was included for soil vapor collected during the February 2001 sampling event. 

(4.) Maximum concentration followed in parentheses by the sample location. 

(5.) No soil vapor PRGs are available. USEPA Region IX Ambient Air Preliminary Remediation Goals (PRGs) were multiplied by an attenuation factor of 100 to allow for screening of 
soil vapor data and to evaluate whether further investigation of ambient air is warranted. PRGs are tools for evaluating and cleaning up contaminated sites. They are risk-based 
concentrations combining exposure information and EPA toxicity data for each environmental media; in this case, ambient air (multiplied by 100). PRGs should be viewed as Agency 
guidelines, not legally enforceable standards. 

(6.) '*' - State of California modified PRG. 



TABLE 2-5C 
Chemicals Exceeding USEPA Region IX Residential Soil PRGs 

Surface and Near Surface Soil (0-2.5 feet bgs) 

USEPA PRG 
(unit indicated Maximum Concentration Maximum Concentration 

Chemical beiow) Found in Surface Soil Found in Near Surface Soil 

Sl^OCs (ijg/kg) 
Benzo (a) anthracene 620 22,000 (GP-SS-14) 950 (GP-SS-31) 
Benzo (a) pyrene 62 33,000 (GP-SS-14) 1,100 (GP-SS-31) 
Benzo (b) fluoranthene 620 38,000 (GP-SS-14) 1,000 (GP-SS-11, GP-SS-31) 
Benzo (k) fluoranthene 6,200/380* 28,000 (GP-SS-14) 760 (GP-SS-11) 
Chrysene 62,000/3,800* 24,000 (GP-SS-14) -
Dibenzo (a,h) anthracene 62 5,300 (GP-SS-14) 130 (GP-SS-31) 
Indeno (1,2,3-cd) pyrene 620 19,000 (GP-SS-14) 670 (GP-SS-30) 

Metals (mg/kg) 
Arsenic 22/0.39* - 40.4 (GP-SS-45) 
Iron 23,000 73,200 (GP-SS-75) 71,500 (GP-SS-61) 
Lead 150 952 (GP-SS-87) -
Manganese 1,800 1,940 (GP-SS-51) -

Notes: 
(1.) '^/g/kg' - microgram per kilogram. 

(2.) 'mg/kg' - milligram per kilogram. 

(3.) " - " data not available 
(4.) Maximum concentration followed in parentheses by the sample location. 
(5.) USEPA Region IX Preliminary Remediation Goals (PRGs) are tools for evaluating and cleaning up contaminated sites. They are risk-
based concentrations combining exposure information and EPA toxicity data for each environmental media; in this case, residential soil. 
PRGs should be viewed as Agency guidelines, not legally enforceable standards. 
(6.)'"' - State of California modified PRG. 



TABLE 2-5D 
Chemicals Exceeding USEPA Region IX DAF 20 PRGs 

Upper Vadose Zone Soil (2.5 - 35 feet bgs) 

Chemical 

USEPA PRG 
(unit indicated 

below) 
Maximum Concentration Found in 

Upper Vadose Zone Soil 

V'OCs (ijg/kg) 
1,1-Dichloroethene 60 400 (WWH-2, 25-25.5') 
Acetone 16,000 19,000 (MW-16, 25-25.5') 
Benzene 30 4,100 (MW-06, 25-25.5') 
cis-1,2-Dichloroethene 400 3,300 (MW-18, 25-25.5') 
Ethylbenzene 13,000 61,000 (GP-VS-10, 16-16.5') 
Methylene Chloride 20 530 (MW-06, 25.5-26') 
Tetrachloroethene 60 2,000 (GP-VS-06, 29-29.5') 
Toluene 12,000 98,000 (GP-VS-10, 16-16.5') 
Trichloroethene 60 3,300 (GP-VS-18, 32-32.5') 
Vinyl Chloride 10 280 (MW-15, 25-25.5') 
Xylenes (total) 210,000 430,000 (GP-VS-10, 16-16.5') 

Sl /OCs (fjg/kg) 
Benzo (a) anthracene 2,000 32,000 (GP-VS-09, 5-5.5') 
Benzo (a) pyrene 8,000 27,000 (GP-VS-09, 5-5.5') 
Benzo (b) fluoranthene 5,000 40,000 (GP-VS-09, 5-5.5') 
Carbazole 600 1,900 (GP-VS-09, 5-5.5') 
Dibenzo (a,h) anthracene 2,000 5,200 (GP-VS-09, 5-5.5') 
Indeno (1,2,3-cd) pyrene 14,000 15,000 (GP-VS-09, 5-5.5') 
Isophorone 500 630 (GP-VS-09, 34.5-35') 

NHVOCs (fjg/kg) 
Acetone 16,000 22,000 (RW-01, 25-25.5') 

Metals (mg/kg) 
Arsenic 29 29.2 (MW-13, 34.5-35') 
Chromium (total) 38 48.4 (MW-13, 34.5-35') 

Notes: 

(1.) ';yg/kg' - microgram per kilogram. 

(2.) 'mg/kg' - milligram per kilogram. 

(3.) Maximum concentration followed in parentheses by the sample location and depth. 

(4.) USEPA Region IX Preliminary Remediation Goals (PRGs) are tools for evaluating and cleaning up contaminated sites. 
They are risk-based concentrations combining exposure information and EPA toxicity data for each environmental media; in 
this case, subsurface soil. PRGs should be viewed as Agency guidelines, nol legally enforceable standards. PRGs are used 
to screen subsurface soil as a threat to groundwater. Dilution Attentuation Factor (DAF) 20 PRGs are used when the 
contaminated soil is not directly adjacent to a drinking water source and dilution of the contaminant is occurring before it 
reaches the drinking water source. 



TABLE 2-5E 
Chemicals Exceeding USEPA Region IX DAF 20 PRGs 

Lower Vadose Zone Soil (35 - 65 feet bgs) 

Chemical 

USEPA PRG 
(unit indicated 

below) 
Maximum Concentration Found in 

Lower Vadose Soil Zone 

VOCs (fjg/kg) 

Benzene 30 520 (MW-06, 54.5-55') 
1,2-Dichloroethane 20 400 (MW-17, 55-55.5') 
cis-1,2-Dichloroethene 400 730 (RW-01, 55-55.5') 
Methylene chloride 20 450 (MW-18, 55-55.5') 
Trichloroethene 60 2,100 (MW-17, 45-45.5') 
Vinyl Chloricde 10 22 (GP-VS-32, 39.5-40') 

Metals (mg/kg) 
Chromium (total) 38 39.3 (MW-19, 65-65.5') 

Notes: 

(1) 'jug/kg' - microgram per kilogram. 

(2) 'mg/kg' - milligram per kilogram. 

(3) Maximum concentration followed in parentheses by the sample location and depth. 

(4) USEPA Region IX Preliminary Remediation Goals (PRGs) are tools for evaluating and cleaning up 
contaminated sites. They are risk-based concentrations combining exposure information and EPA toxicity 
data for each environmental media; in this case, subsurface soil. PRGs should be viewed as Agency 
guidelines, not legally enforceable standards. PRGs are used to screen subsurface soil as a threat to 
groundwater. Dilution Attenuation Factor (DAF) 20 PRGs are used when the contaminated soil is not directly 
adjacent to a drinking water source and dilution of the contaminant is occurring before it reaches the drinking 
water source. 



TABLE 2-5F 
Chemicals Exceeding USEPA Region IX DAF 1 PRGs 

Lower Vadose Zone Soil (> 50 feet bgs) 

USEPA PRG Maximum Concentration Found in 
(unit indicated Lower Vadose Zone Soils > 50 feet 

Chemical beiow) bgs 

V'OCs (^lg/kg) 

Benzene 2.0 520 (MW-06, 54.5-55') 
1,2-Dichloroethane 1.0 400 (MW-17, 55-55.5') 

cis-1,2-Dichloroethene 20 730 (RW-01, 55-55.5') 

Methylene chloride 1.0 450 (MW-18, 55-55.5') 

Trichloroethene 0.7 1,400 (MW-17, 55-55.5') 
Metals (mg/kg) 

Antimony 0.3 1.5 (MW-11, 64.5-65') 
Arsenic 1.0 24.58 (MW-14, 55-55.5') 

Barium 82 337 (MW-18, 55-55.5') 

Cadmium 0.4 0.52 (MW-05, 59.5-60') 

Chromium (total) 2.0 39.3 (MW-19, 65-65.5') 
Nickel 7.0 35.3 (MW-11, 64.5-65') 

Notes: 

(1.) '//g/kg' - microgram per kilogram. 

(2.) 'mg/kg' - milligram per kilogram. 

(3.) Maximum concentration followed in parentheses by the sample location and depth. 
(4.) USEPA Region IX Preliminary Remediation Goals (PRGs) are tools for evaluating and cleaning up 
contaminated sites. They are risk-based concentrations combining exposure information and EPA toxicity data.for 
each environmental media; in this case, subsurface soil. PRGs should be viewed as Agency guidelines, not 
legally enforceable standards. PRGs are used to screen subsurface soil as a threat to groundwater. Dilution 
Attenuation Factor (DAF) 1 PRGs assume that the contaminated soil is directly adjacent to a drinking water source 
and no dilution ot the contaminant is occurring along the pathway between the source soil and the drinking water 
source. 



TABLE 2-5G 
Chemicals Exceeding USEPA PRGs and/or California MCLs for Drinking Water 

Perched Groundwater Zone 

Chemical 

Primary 
iVICL USEPA PRG 

0"g/L) 
Maximum Concentration Found in 

Perclied Groundwater (/vg/L) 

VOCs 

1,1-Dichloroethane 5.0 810/0.2* 410(B-01) 
1,1-Dichloroethene 6.0 340 2,000 (B-01) 
1,2-Dibromo-3-chloropropane 0.2 0.048/0.0016* 2 (B-38) 

1,2-Dichloroethane 0.5 0.12 18 (B-27) 

1,1,2-Trichloroethane 5.0 0.2 9 (SV-04) 

Acetone - 610 1,500 (B-22) 

Benzene 1.0 0.34 1,600 (B-30) 
Chloroform - 0.53 41 (B-23) 

Chloroethane ~ 4.6 50 (B-21) 

cis-1,2-Dichloroethene 6.0 61 780 (B-21) 

Dibromochloromethane - 0.13 2.4 (B-17) 

Ethylbenzene 700 2.9 1200 (B-08) 
Methyl tert-butyl Ether 13 13/6.2* 30 (B-04) 

Tetrachloroethene 5.0 0.66 1,100 (B-01) 

Toluene 150 720 2,000 (B-13) 

trans-1,2-Dichloroethene 10 120 59(B-21) 

Trichloroethene 5.0 0.028 680 (B-22) 

Vinyl Chloride 0.5 0.02 240 (B-08, B-21) 
NHVOCs 

Acetonitrile (Coelute w/MIBK) - 100 223 (B-13) 

Acrylonitrile - 0.039 340 (B-21) 

Methyl isobutyl ketone (MIBK) — 160 223 (B-13) 
SVOCs 

1,4-Dioxane 3.0* 6.1 920 (B-01) 

bis(2-Ethylhexyl)phthalate - 4.8 11 (B-10) 

Naphthalene - 6.2 25 (B-04) 
Metals 

Aluminum 1,000 36,000 52,700 (B-10) 
Arsenic 50 0.045 676 (B-10) 

Chromium (total) 50 ~ 72 (B-10) 

Iron — 11,000 377,000 (B-10) 

Lead 15* - 115 (B-25) 

Manganese - 880 4,130 (B-20) 

Selenium 50 180 279 (B-25) 
Thallium 2.0 2.4 55.5 (B-10) 

Notes: 

(1.)' /yg/L' - microgram per liter. 

(2.) " - " data not available 

(3.) Maximum concentration follow/ed in parentheses by the sample location. 

(4.) U S E P A Region IX Preliminary Remediation Goals (PRGs) are tools for evaluating and cleaning up contaminated sites. They are risk-based 
concentrations combining exposure information and EPA toxicity data for each environmental media; in this case, groundwater. P R G s should be 
viewed as Agency guidelines, not legally enforceable standards. 

(5.) State of California Maximum Contaminant Levels (fi/ICLs) are legally enforceable drinking water standards. These MCL levels are primarily 
risk-based levels similar to PRGs where it is assumed that a person will drink water with the specified chemical concentrations. 

(6.) '*' - State of California Action Level, no available MCL. 



TABLE 2-5H 
Chemicals Exceeding USEPA PRGs and/or California MCLs for Drinking Water 

Exposition Groundwater Zones 

Chemical 

Primary 
MCL 
(//g/L) 

USEPA PRG 
(//g/L) 

Maximum Concentration Found in 
Exposition Groundwater 

(//g/L) 

1,1-Dichloroethene 6.0 340 30 (MW-17-85) 
1,2-Dibromo-3-chloropropane 0.2 0.048/0.0016* 5 (MW-12-70, MW-12-90) 
1,2-Dichloroethane 0.5 0.12 0.4 (MW-13-85) 

Acetone - 610 20,000 (MW-09-85) 

Benzene 1.0 0.34 1,600 (MW-06-85) 
Chloroform — 6.2/0.53* 36 (MW-05-85) 
cis-1,2-Dichloroethene 6.0 61 14,000 (MW-17-85) 
Dibromochloromethane — 0.13 16(MW-03-85) 

Methylene Chloride 5.0 4.3 6 (MW-10-175) 

Methyl tert-butyl Ether 13 13/6.2* 30 (B-04) 

Tetrachloroethene 5.0 0.66 8.1 (MW-03-85) 
trans-1,2-Dichloroethene 10 120 53 (MW-17-70) 
Trichloroethene 5.0 0.028 22,000 (MW-17-70) 
Vinyl Chloride 0.5 0.02 780 (MW-18-85) 

NHVOCs 
Acetone (different analytical method) — 610 8,620 (MW-17-85) 

Metals 

Aluminum 1,000 36,000 4,020 (MW-02-95) 

Arsenic 50 0.045 52.7 (MW-10-110) 

Manganese — 880 1,410 (MW-09-85) 

Thallium 2.0 2.4 7.4 (MW-03-85) 
Anions 

Sulfide - 110* 9,500 (MW-09-85) 

Notes: 

(1.)' iig/L' - microgram per liter. 

(2.) "-" data not available 

(3.) Maximum concentration followed in parentheses by the sample location. 

(4.) USEPA Region IX Preliminary Remediation Goals (PRGs) are tools for evaluating and cleaning up contaminated sites. They are risk-
based concentrations combining exposure information and EPA toxicity data for each environmental media; in this case, groundwater. 
PRGs should be viewed as Agency guidelines, not legally enforceable standards. 

(5.) State of California Maximum Contaminant Levels (MCLs) are legally enforceable drinking water standards. These MCL levels are risk-
based levels similar to PRGs where it is assumed that a person will drink water with the specified chemical concentrations. 

(6.) '*' - California modified PRG. 

(7.) '+'110 /jg/L is the PRG for hydrogen sulfide. 



T A B L E 2-6 

Summary of Zone 'A' and 'B ' Aquifer Prpperties 

Aquifer 
Zone 

Well ID Test Type 
Slug 

Volume 
(gal) 

Initial 
Displace

ment 

Pumping 
Rate (Q) 
(gpm) 

Aquifer 
Thickness 

(b) 
(feet) 

Solution Method 

[Aqtesolv] 

Trans
missivity (T) 

(ft2/min) 

Storage 
Coefficient 

(S) 
(unitiess) 

Hydraulic 
Conductivity 

(K) 
(ft/min) 

Downgradient 
Radius of 
Capture 

(feet) 

Crossgradient 
Width of Capture 

(feet) 

Seepage 
Velocity 
(ft/year) 

A Zone 

MW-)4-80 
Slug -
Withdrawal 

1.844 2.988 NA 1 Bouwer-Rice 1 303E-03 NA 1.303E-03 
6.3 

A Zone 

MW-15-70 
S lug-
Withdrawal 

1.396 0.615 NA 3 Bouwer-Rice 6831E-03 NA 2.277E-03 
11.0 

A Zone 

MW-16-70 
S lug-
Withdrawal 

1.102 0.920 NA 1 Bouwer-Rice 8.281E-04 NA 8.281E.04 
4.0 

A Zone 

MW-18-70 
S lug-
Withdrawal 

1.094 1.237 NA 1 Bouwer-Rice 1.435E-03 NA 1.435E-03 
5.9 

A + B 
Zone 

MW-3 
A + B 

Pumping NA NA 1 137 4.5 Hantush. 1950 1.466E-01 2.926E.04 3.258E-02 29.2 91.8 
177.8 A + B 

Zone 
MW-3 
A + B 

Recovery NA NA 1.137 4 5 Hantush. 1960 1.104E-01 7.531 E-04 2.453E-02 38 8 121.8 133.9 

B, Zone 

MW-2 
Pumping NA NA 1.137 5 Haniush. 1960 9.690E-02 1.647E-05 1.938E-02 44.2 138.8 

117.9 

B, Zone 

MW-2 
Recovery NA NA 1.137 5 Hantush. 1960 1.053E-01 9.832E-04 2.106E-02 40.7 127.7 

128.1 

B, Zone 

MW-14-90 

Slug -
Withdrawal 

1.847 2.480 NA 5 Bouwer-Rice 5.390E-03 NA 1.073E-03 
6 6 

B, Zone 

MW-14-90 Pumping NA NA 1.137 5 Hantush. 1960 1.276E.01 4.393E-07 2.552E-02 37.9 1191 155.2 

B, Zone 

MW-14-90 

Recovery NA NA 1.137 5 Hantush. 1960 1 489E-01 3 606E-05 2.978E-02 32.5 102.1 
181.1 

B, Zone 

MW-15-85 
Pumping NA NA 1 137 5 Hantush, 1960 8.090E-02 1.020E-10 1.618E-02 59.8 187.9 

98.4 

B, Zone 

MW-15-85 
Recovery NA NA 1 137 5 Haniush. 1960 6.820E-02 6.450E-06 1.364E-02 70 9 222.9 

83.0 
B, Zone 

MW-16-85 
Pumping NA NA 1.137 5 Hantush. 1960 7.630E-02 2.672E.08 1.526E-02 63 4 199.2 

92.8 
B, Zone 

MW-16-85 
Recovery NA NA 1.137 5 Hantush. 1960 8150E.02 2.890E-07 1.530E-02 59.4 186.5 

99.1 

B, Zone 

MW-17-85 
Pumping NA NA 1.137 2.5 Hantush. 1960 1.938E-0I 1.000E-I0 • 7.752E-02 25.0 78.4 

471.5 

B, Zone 

MW-17-85 
Recovery NA NA 1 137 2.5 Haniush. 1960 1.570E-01 1.272E-10 6.2eOE-02 30.8 96.8 

382.0 

B, Zone 

MW-18-85 
Pumping NA NA 1 137 1 Hantush. 1960 1.046E-01 1.767E-01 1.046E-01 46.3 145.3 636.2 

B, Zone 

MW-18-85 
Recovery NA NA 1.137 1 Hantush. 1960 7.197E-02 1.322E-05 7.197E-02 67.2 211.2 

437.8 

B, Zone 

MW-19-85 
Pumping NA NA 1.137 4.5 Hantush, 1960 1.884E-01 1.000E-10 4.187E-02 25.7 80.7 

254.7 

B, Zone 

MW-19-85 
Recovery NA NA 1.137 4.5 Hantush. 1960 1.050E-01 9.417E-11 2.333E-02 46.1 144.8 

141.9 

B2 Zone MW-17-95 
Pumping NA NA 1.137 1 Hantush, 1960 6.691 E-03 2.005E-01 6.691 E-03 723.1 2271.7 

40.7 B2 Zone MW-17-95 
Recovery NA NA 1.137 1 Haniush, 1960 6.560E-03 1.703E-02 6.560E-03 737.5 2317.1 

39.9 

B, +B; RW-1 Recovery NA NA 1.137 9 Hantush-Jacob 2.766E-02 1.232E-03 3.073E-03 174.9 549.6 187 

1. Pumping rate is average for entire pumping duration. 
2. Aquiter thickness assumed to be actual logged thickness adjacent to corresponding screened intervals. 
3. Bouwer-Rice = Bouwer and Rice (1976) developed an empirical relationship for calculafing hydraulic conductivity due lo an instantaneous change in water level. 
4. Hantush, i960 = Analytical solution for pumping from a leaky aquifer system, assuming storage in the aquiiard(s). 
5. Transmissivity was calculated by AQTESOLV. The results can be obtained in TNSA 2002. Tech Memo: Results of Aquifer Tests Performed on the Exposition 'A' and 'B' Groundwater Zones. 
6. Hydraulic conductivity K was calculated by the equation K=T/b, where T is transmissivity and 'b' is aquifer thickness. 
7. Downgradient radius of capture (stagnation point) and Crossgradient width of capture {upgradient width) were calculated by Grubb's WELLCALC. 
8 NA = Nol Applicable. 



TABLE 2-7 
Summary Ranges and Averages of Numeric Aquifer Properties for Zone 'A' and 'B' 

Aquifer Thickness 
(b) (feet) 

Transmissivity 
(T) {ft2/min) 

(AQTESOLV) 

Hydraulic 
Conductivity 
(K) (ft/min) 

Downgradient 
Radius of Capture 

(ft) 

Crossgradient 
Width of Capture 

(ft) 

Seepage Velocity 
(ft/year) 

A Zone 

Minimum 1.0 8.281 E-04 8.281 E-04 — ... 4.00 

A Zone Maximum 3.0 6.831 E-03 2.277E-03 — ... 11.00 A Zone 

Average 1.5 2.599E-03 1.461 E-03 — — 7.06 

B., Zone 
Minimum 1.0 5.390E-03 1.078E-03 24.97 78.43 6.56 

B., Zone Maximum 5.0 1.938E-01 1.046E-01 70.94 222.87 636.22 B., Zone 

Average 4.1 1.155E-01 3.343E-02 46.43 145.86 203.35 

B2 Zone Average 1.0 6.626E-03 6.626E-03 730.33 2294.39 40.30 

B Zone 

Minimum 1.0 5.390E-03 1.078E-03 24.97 78.43 6.56 

B Zone Maximum 9.0 1.938E-01 1.046E-01 737.55 2317.07 ' 636.22 B Zone 

Average 4.0 9.642E-02 2.818E-02 139.95 439.66 171.42 

A+B Zone 

Minimum „ . 8.281 E-04 8.281 E-04 ... ... ... 
A+B Zone Maximum — 1.938E-01 1.046E-01 —• ... — A+B Zone 

Average — 9.007E-02 2.504E-02 123.86 389.13 150.24 

Note: 
1. The average calculations for Bi Zone were performed without the "slug test" values and outliers. 
2. The average calculation for A+B Zone were performed without outliers. 
3. Downgradient radius of capture (stagnation point) per aquifer zone is averaged from individual pumping and recovery well radius 

of capture calculations. These calculations are based on the individual recovery and pumping well aquifer thicknesses and 
transmissivities calculated by AQTESOLV^" (refer to TN&A 2001, Tech Memo - Results of Aquifer Tests Performed on the 
Exposition 'A' and 'B' Groundwater Zones, December 2001). The individual well aquifer properties and calculated radius of 
capture are calculated by Grubb's WELLCALC and shown in Table 2-6. 

4. Aquifer properties based on AQTESOLV™ modeling trom well RW-1 data should be considered representative of the B zone 
since well RW-1 penetrates both the "B," and "Bj" Zones, is the greatest thickness (9-feet) compared to other test wells, and most 
closely matches the Remedial Design extraction/pumping wells (6 in diameter, fully penetrating). Note that all other test wells are 2 
in, and not fully penetrating. Based on the aquifer properties calculated by AQTESQLV™, the calculated downgradient radius of 
capture and crossgradient width of capture (using Grubb's WELLCALC) is significantly greater in well RW-1 than the averaged 
downgradient width of capture and crossgradient width of capture in the B̂  zone by a factor of 3.77. Since the aquifer properties 
based on the recovery data trom RW-1 were significantly greater than the averaged values in. the B, zone, downgradient radius of 
capture and crossgradient width of capture at the site will likely be substantially greater than B, zone averaged values. Therefore, 
using the averaged downgradient radius of capture and crossgradient width of capture in Bi zone is the most conservative value. 

5. Attempt to model 'A' zone using Grubb's WELLCALC resulted in an unreasonable outcome (stagnation point 285 ft, upgradient 
width 894 ft). The occurrence of unreasonable results primarily due to aquifer dewatering. 



TABLE 2-8 
Summary of Zones ' C and 'D' Aquifer Properties 

Aquifer 
Zone 

Well ID 
(screen) 

Test Type 
Slug 

Volume 

(gal) 

Initial 
Displace

ment 

Pumping 

Rate (Q)̂  

(gpm) 

Aquifer 

Thickness^ (b) 

(feet) 

Solution 
Method 

Trans

missivity^ (T) 

(ft2/mln) 

Hydraulic 

Conductivity'' (K) 

(ft/min) 

Downgradient 
Radius of 
Capture 
(feet) 

Crossgradient 
Width of Capture 

(feet) 

"C" Zone MW-05-105 NA NA NA 1.1 4 Darcy's Law 1.229E-02 3.073E-03 105.8 332.30 

"C" Zone MW-10-110 NA NA NA 1.1 5.5 Darcy's Law 1.690E-02 3.073E-03 76.9 241.68 

"C" Zone MW-11-100 NA NA NA 1.1 5 Darcy's Law 1.537E-02 3.073E-03 84.6 265.84 

"C" Zone MW-23-110 NA NA NA 1.1 9.5 Darcy's Law 2.919E-02 3.073E-03 44.5 139.92 

"0" Zone MW-24-110 NA NA NA 1.1 5 Darcy's Law 1.537E-02 3.073E-03 84.6 265.84 

"C" Zone MW-25-110 NA NA NA 1.1 5 Darcy's Law 1.537E-02 3.073E-03 84.6 265.84 

"D" Zone MW-05-135 NA NA NA 1.1 11 Darcy's Law 3.380E-02 3.073E-03 407.3 1279.46 

"D" Zone MW-07-130 NA NA NA 1.1 12.5 Darcy's Law 3.841 E-02 3.073E-03 358.4 1125.92 

"D" Zone MW-12-150 NA NA NA 1.1 12 Darcy's Law 3.688E-02 3.073E-03 373.3 1172.84 

"D" Zone MW-23-145 NA NA NA 1.1 12 Darcy's Law 3.688E-02 3.073E-03 373.3 1172.84 

"D" Zone MW-24-140 NA NA NA 1.1 10 Darcy's Law 3.073E-02 3.073E-03 448.0 1407.41 

"D" Zone MW-25-130 NA NA NA 1.1 10 Darcy's Law 3.073E-02 3.073E-03 448.0 1407.41 

Notes: 1. A pumping rate of 1.1 gallons per minute (gpm) was used based on the section 3.6.2 Average Groundwater Extraction Rate performed on the Exposition 'D' Zone. 
2. Aquifer thickness assumed lo be actual logged thickness adjacent to corresponding screened intervals. 
3. No aquifer tests have been performed on the Exposition ' C and 'D' Zones and thus no drawdown or recovery curves were available to estimate transmissivity. 

Therefore, capture zones were estimated by estimated hydraulic conductivity for each zone utilizing observed aquifer thicknesses and calculated hydraulic gradients. 
4. Use the hydraulic conductivity for Well RW-1 as the estimated hydraulic conductivity for the Exposition 'C and 'D' Zone, due to their similar aquifer properties. 
5. NA = Not Applicable. 



TABLE 2-9 
Summary Ranges and Averages of Numeric Aquifer Properties for Zone 'C and 'D' 

Aquifer Thickness 
(b) (feet) 

Transmissivity 
(T) (ft2/min) 

Hydraulic 
Conductivity 
(K) (ft/min) 

Downgradient 
Radius of Capture 

(ft) 

Crossgradient 
Width of Capture 

(ft) 

C Zone 
Minimum 4.0 1.229E-02 NA 44.5 139.9 

C Zone Maximum 9.5 2.919E-02 NA 105.8 332.3 C Zone 

Average 5.7 1.700E-02 3.G73E-03 80.2 251.9 

D Zone 
Minimum 10.0 3.073E-02 NA 373.3 1125.9 

D Zone Maximum 12.5 3.841 E-02 NA 448.0 1407.4 D Zone 

Average 11.3 3.500E-02 3.073E-03 401.4 1261.0 

C and D Average 8.5 2.600E-02 3.073E-03 240.8 756.4 

Note: 
1. NA = Not Applicable 

2. Downgradient radius of capture (stagnation point) and crossgradient width of capture (upgradient width) per 
aquifer zone is averaged from individual pumping and recovery well radius of capture calculations. These 
calculations are based on the individual recovery and pumping well aquifer thicknesses and transmissivities 
calculated by stagnation point and upgradient width equations (Todd, 1980). 



T A B L E 4-1 

HVDPE Pilot Test Results - VOC Removal Rates 

Total 
Molecular Cumulative 

Weight Individual VOC 
of Convert VOC Removed 

Parameter Ideal Gas Convert from Flow Rate Removal Per Well Per 
SVE Pilot Test Well VOC Cone ' (gram/ Law' Irom L grams to Calculate Per Weir Flow Rate Rate Day 

& Date Parameter (ppmv) mole) (L/mole) to cf. lbs (Ibs/c.f.) (cfm) (cf^day) (lbs/day) (lbs/day) 
Sample D SV-01 

Perched GW t-1, 2-Dichloroethene 0.0570 96 94 24.64 28.3 453.5 1.4E-08 68 97.920 0.001 O001 
Day 1 1.1-Dichloroethane 0.0400 98.95 24.64 28.3 453.5 1.003E-08 68 97.920 0.001 0.002 

12/9/2002 c-1.2-Dichloroethene 0.0580 95.94 24.64 28.3 453.5 . 1.424E-08 68 97.920 0.001 0.004 
1,1.1 -Trichloroethane 0.0230 133.40 24.64 28.3 453.5 7.773E-09 68 97.920 0.001 0.005 
Benzene 0.0130 78.11 24.64 28 3 453.5 2.573E-09 68 97,920 0.000 0.005 
Toluene 0.0100 9213 24.64 28.3 453 5 2.334E-09 68 97,920 0.000 0.005 
Trichloroelhene O0180 131 39 24 64 28.3 453.5 6.992E-09 68 97,920 0001 0.006 
Telracbloroelhene 0.2000 165.83 24.64 283 453.5 8.402E-08 68 97.920 0.008 0.014 
Ethylbenzene 0.0370 106.17 24.64 28.3 453.5 9.952E-09 88 97.920 0.001 0 015 
p/m-Xytene 0.0210 106.17 24.64 28.3 453.5 5.648E-09 68 97.920 0.001 0.015 
o-Xytene 0.0066 106.17 24.64 28.3 453.5 1.775E-09 68 97,920 0 000 O016 
1.2.4-Trimelhylbenzene 0.0032 120 19 24.64 28.3 453.5 9.744E-10 68 97,920 0.000 0016 
MTBE 00190 88.15 24.64 28.3 453 5 4.243E-09 68 97,920 0.000 0.016 

Sample # SV-01 
Perctied GW Vinyl Chloride 0 0160 62.50 24.64 28.3 453 6 2.533E-09 68 97.920 0.00025 0.000 

Day 2 Acetone 0.0120 161.00 24.64 28.3 453.5 4.895E-09 68 97,920 0 00048 OOOl 
12/11/2002 1.1-Dichloroethene 0.0057 96.94 24.64 28.3 453.5 1.4E-09 68 97,920 000014 0.001 

1.1-Dichloroethane 0.0160 98.96 24.64 28.3 453.5 4.011E-09 68 97.920 0.00039 0 001 
c-1.2-Dichloroethene 0.0230 9694 24.64 28.3 453.5 5.649E-09 68 97.920 0.00055 0.002 
1,1,1-Trichloroethane 00170 133.40 24.64 28.3 453.5 5.746E-09 68 97.920 0.00056 0.002 
Benzene 0 0057 78.11 24.64 28 3 453.5 1.128E-09 68 97.920 0.00011 0.002 
Toluene 00170 92.13 24.64 28.3 453.5 3.968E-09 68 97.920 0.00039 0.003 
Trichloroethene 0.0088 131.39 24.64 28.3 453.5 2.929E-09 68 97.920 0.00029 0.003 
Tetrachloroethene a 1000 185.83 24.64 28.3 453.5 4.201 E-08 68 97,920 000411 0.007 
Ethylbenzene 01000 106.17 24.64 28.3 453.5 2.69E-08 68 97,920 0.00263 0.010 
p/m-Xylene 0.1400 106.17 24.64 26.3 453.5 3.766E-08 68 97,920 0.00369 0014 
o-Xylene 0.0460 106.17 24.64 28.3 453.5 1.237E-08 68 97.920 0.00121 0015 
1,2,4-Trimethvlbenzene 0.0065 12019 24.64 28.3 453.5 1.979E-09 68 97,920 0.00019 0.015 

Sample* RW-01-70 
A Zone Vinyl Chloride 29.0000 62.50 24.82 28.3 453.5 4.558E-06 82 118,080 0.538 0.538 

1-Day Test 1.1-Dichloroethene 3.4000 96.94 24 82 28.3 453.5 8.289E-07 82 118,080 0098 0.636 
12/11/2002 Carbon Disullide 0.9600 76.13 24.82 28.3 453 5 1 838E-07 82 118,080 0.022 0658 

t-1,2-Dichloroelhene 4.8000 96.94 24.82 28.3 453.5 1 17E-06 82 118,080 0.138 0.796 
c-1.2-Dichloroethene 83.0000 96.94 24.82 28.3 453.5 2.024E-05 82 118,080 2.389 3.186 
Toulene 0.8700 92.13 24.82 28.3 453.5 2.016E-07 82 118,080 0.024 3.209 
Trichloroethene 190.0000 131.39 24.82 28.3 453.5 6.279E-0S 82 118,080 7414 10.623 
Tetrachloroethene 0.9400 165.83 24.82 28.3 453.5 3.92E-07 82 118,080 0046 10.669 
Hexachloro-1,3-Butadiene 0.2900 260.76 24.82 28.3 453.5 1.902E-07 82 118,080 0.022 10.692 

Sample* RW-01-95 
B Zone Acetone O0077- 58.08 24.05 28.3 453.5 1.161E-09 15 21,600 0 000 0.000 

1-Day Test Carbon Disullide 0.0022 76.13 24.05 28 3 453.5 4 348E-10 15 21,600 0.000 0.000 
12/11/2002 c-1,2-Dichloroelhene 0 014 96.94 24.05 28.3 453.5 3.523E-09 15 21,600 0.000 0.000 

Toluene 0.0034 92.13 24.05 28.3 453.5 8.131E-10 15 21,600 0.000 0.000 
Trichloroelhene 0.089 131.39 24.05 28.3 453.5 3.035E-08 15 21,600 0.001 0.001 
Ethylbenzene 0.0045 10617 24 05 28 3 453.5 1.24E-09 15 21,600 0.000 0.001 
p/m-Xylene 0.022 10617 24.05 28.3 453.5 6.063E-09 15 21,600 0.000 0.001 
D-Xylene 00067 106.17 24.05 28.3 453.5 1.846E-09 15 21,600 0.000 0.001 

Totals 314 

CALCULATED AVERAGE INFLUENT 
CONCENTRATIONS FROM 4 WELLS 163.00 107.32 24.05 28.3 453.5 4 541E-05 58 83,880 3.81 
Notes: 

- VOC concentrations and air flow rales were measured during pilot study 

- Volume of one mole ol inert gas at 81, 85, and 69 (degrees F) lor the Perched, A, and B Zones, respectively, at atmospheric pressure. 



T A B L E 4-2 

HVDPE System Design Summary For The Upper Vadose And Perched Groundwater Zone 

VAPOR EXTRACTION DESIGN WORKSHEET 

Application 

Design No. 
of Wells in 

Perched 
Zone' 

No. of Wells 
Simultaneously 

On-Line in 
Perched Zonê  

Measured 
VOC 

Removed 
Per Well 

(lbs./Day)^ 

Measured Air 
Flow Per Well 

(acfm)̂ ' 

Design Air 
Flow Per 

Well (scfm)" 

Design 
Total Air 

Flow 
(scfm)" 

Estimated 
Total VOC 
Removed 
Per Day 

(\hs.lDayf Comments 

Upper Vadose and Perched 
Zone 

27 27 0.0160 68 10 270 0.43 

Pilot test was performed on SVE-01 which was 
located in the perched zone outside the area of 
highest VOC concentration. 

Totals 270 4.32 Total estimated VOC influent cone. = 5.1 ppmv.^ 

Notes: 
1. Based on ROI of 54 feet, to provide overlapping coverage to the MCL throughout perched zone. 
2. SVE system design can extract from all wells at 30 scfm; or extract from wells in cycles with 50% of the wells on-line (at 68 scfm) per extraction event, depending on influent concentrations. 
3. Indicates data from the pilot study. 
4. The Design Air Flow is based on information included in Section 4.2 of the Design Report. 
5. Since pilot test was not performed in the area of highest concentration, the Estimated Total VOCs Removed Per Day and influent concentration was increased by 1 order of magnitude. 

Remediation of VOCs is in progress at the adjacent W.W. Henry Site. Wells in the vicinity of the W.W. Henry property may contribute significant amounts of 
additional VOCs depending on when the Pemaco remedial action is implemented. 

VAPOR PHASE MASS REMOVAL AND CARBON USAGE WORKSHEET 

Item 
First Year 
Removal 

Second Year 
Removal 

Third Year 
Removal 

Fourth Year 
Removal 

Fifth Year 
Removal 

Totals Comments 

Percent of Total Mass 
Removed 60% 25% 10% 4% 1% 100% 

Percent removed distribution is based on T N & Associates 
experience with similar remediation projects. 

VOC Removal Rate 
(lbs/day) 4.32 2.10 0.80 0.30 0.05 NA The first year removal rate was determined from the above table. 

Estimated VOC Mass 
Removed (Ibs/yr) 1,577 767 292 110 18 2,763 

Total mass considered for vapor phase carbon absorbtion from 
Upper Vadose/Perched Zone is based on 2,763 lbs. 

Carbon Usage (lbs) 22,520* 7,665 2,920 1,095 183 34,383 Assumed vapor phase carbon retention factor = 10% for TCE. 
Notes: 
1. A five year project duration is estimated based on the conceptual design for HVDPE. 
2. Under the electrical resistive heating scenario, significantly more mass would be removed depending on ERH Design, to be submitted under separate cover. 
3. Remediation of VOCs is in progress at the adjacent W.W. Henry Site. Wells in the vicinity of the W.W. Henry property may contribute significant amounts of 

additional VOCs, resulting in additional carbon demand, depending on when the Pemaco remedial action is implemented. 
* Based on the uncertainty discussed in Note 3, a contingency of 5,000 lbs of carbon has been added to the first year removal column. 



TABLE 4-3 
Calculation of Average "Source Area" and "Containment Area" Groundwater Concentrations 

•A' ZONE SOURCE AREA REPRESENTATIVE WELLS 
Well ID: MW-17-70 MW-18-70 MW-19-70 AVG 

Zone: A A A VOC C O N C 
Collection Date: 12/5/2001 1/22/2002 12/6/2001 

Parameter Units //g/L 

Benzene, Toluene, 
Ethylbenzene, and Total 
Xylenes (BTEX) //g/L 4.32 0 0 1.44 

1,1,1 -Trichloroethane pg/i 0 0 0 0 
1,1-Dichloroethane ^g/L 1.3 0 0 0.43 

1,1-Dichloroethene ugii 9.5 0 0 3.17 

1,2-Dichloroethane ug/L 0 0 0 0 
Carbon Tetrachloride ug/l 0 0 0 0 
Chloroethane /^g/L 0 0 0 0 
Chloroform //g/L 5.1 0 0 1.70 

cis-1,2-Dichloroethene /^g/L 330 1,600 85 671.67 

Tetrachloroethene //g/L 9.1 0 0 3.03 

trans-1,2-Dichloroethene //g/L 23 15 0 12.67 

Trichloroethene 27,000 3,400 5,000 11,800 
Vinyl Chlonde ugii 27 0 0 9 

T O T A L & A V G V O C s pgli 27,409.32 5,015 5,085 12,503.11 

B' ZONE S O U R C E / ̂ REA REPRESENTATIV E W E L L S 

Well ID: IVIW-02-95 MW-13-85 MW-14-90 MW-17-85 MW-18-85 MW-19-90 AVG 
Zone: B B B B B B VOC CONC. 

Collection Date: 1/15/2002 1/15/2002 11/28/2001 12/14/2001 1/22/2002 12/6/2001 

Parameter Units //g/L 

Benzene, Toluene, 
Ethylbenzene, and Total 
Xylenes (BTEX) pgii 0 0.59 0 0 0 1.2 0.30 

1,1,1-Trichloroethane //g/L 0 0 0 0 0 0 0 

1,1-Dichloroethane pgii 0 0 0.95 0 0 1.8 0.46 
1,1-Dichloroethene //g/L 2.9 0 3.6 0 12 2.3 3.47 

1,2-Dichloroethane //g/L 0 0 0 0 0 0 0 

Carbon Tetrachloride /^g/L 0 0 0 0 0 0 0 
Chloroethane //g/L 0 0 0 0 0 0 0 
Chloroform pgiL 0 0 0.63 0 0 5.7 1.06 
cis-1,2-Dichloroethene ugiL 120 4.8 43 0 2,400 59 437.80 
H/1ethylene Chloride ugii 0 0 0 0 0 0 0 

Tetrachloroethene //g/L 0 0 2 0 0 1.8 0.63 
trans-1,2-Dichloroethene //g/L 4 0 3 0 0 1.8 1.47 

Trichloroethene //g/L 3,800.00 46 4,700 21,000 2,400 2,000 5,657.67 
Vinyl Chloride 5.4 0 0 0 780 3.6 131.50 

T O T A L & A V G V O C s 3,932.30 51.39 4,753.18 21,000 5,592 2,077.20 6,234.35 

'A' and 'B' ZONE CONTAINMENT A R E / k REPRESENTATIVE W E L L S 

Well ID: MW-07-75 MW-09-70 MW-09-85 MW-13-85 AVG 
Zone: A A B B VOC C O N C 

Parameter Units 

Benzene, Toluene, 
Ethylbenzene, and Tolal 
Xylenes (BTEX) //g/L 

0 0 0.1 0.5 
0.15 

Perchloroethene pgi\- 0 0 0.3 0.2 0.13 

Trichloroethene ugii 2 0.25 52 60 28.56 

cis-1,2-Dichloroethene //g/L 0.9 0.25 8 9 4.54 

trans-1,2-Dichloroethene pgii- 0 0 0 0 0 

1,1-Dichloroethene pg'i 0 0 0 0 0 
Vinyl chloride ug)i 0.25 0.25 0.25 0.25 0.25 

Ethane //g/L 0 0 0 0 0 

Ethene ug/\- 0 0 0 0 0 

1,1,1 -Trichloroethane //g/L 0 0 0 0 0 

1,1-Dichloroethane //g/L 0 0 . 0.3 0.5 0.20 

1,2-Dichloroethane //g/L 0 0 0 0 0 
Carbon Tetrachloride pg/L 0 0 0 0 0 

Chloroethane trglL 0 0 0 0 0 

Chloroform //g/L 0 0 7 0.3 1.83 

T O T A L & A V G V O C s /^g/L 3.15 0.75 67.95 70.75 35.65 

A V E R A G E CONC. A V E R A G E DEPTH 
(FEET BGS) 

Z O N E 'A' 12,503.11 70 

Z O N E 'B' 6,234.35 85 
Z O N E A' A N D B' 35.65 77.5 



TABLE 4-4 
Summary of Groundwater Extraction Design and IVIass Removal 

Item Source Area Wells Containment Area Wells All Wells. 

A Zone' B Zone^ D Zone^ 
Totals 

Source 
Area 

A & B Zone" D Zone^ 
Totals 

Containment 
Area 

Totals of 
Source and 
Containment 

Design No. of Wells^ 12 12 1 25 8 0 8 33 

Total avg. VOC Cone. 
(ug/L) 12,503 6,234 100 7,834 36 0 36 4,788 

Avg. Pumping Rate 

Per Well® (gpm) 0.7 1.6 1.1 NA 2.3 0 2.3 NA 

Total Avg. Flow (gpm) 8.4 19.2 1.1 28.7 18.4 0 18.4 47.1 

Daily Flow (gpd) 12,096 27,648 1,584 41,328 26,496 0 26,496 67,824 

Initial Daily VOC 
Removal (lbs/day) 1.26 1.44 0.001 2.70 0.01 0 0.01 2.71 

1 - Average VOC concentration calculated from wells MW-18-70, MW-17-70, and MW 19-70. 
2 - Average VOC concentration calculated from wells MW-02-95, MW-13-85, MW-14-90, MW-17-85, and MW-19-90. 
3 - The Avg. VOC concentration in the D Zone was estimated based on plume concentration identified in Figure 4-3 of the Design Report. 
4 - Average VOC concentration calculated from wells MW-07-75, MW-09-70, MW-09-85, and MW-13-85. 

Containment wells will be screened through A and B zones (not C zone), all other wells screened in respective zone, as indicated. 
5 - No. of wells based on 45-foot width of capture along downgradient axis and 69-foot width of capture along the crossgradient axis; to provide hydraulic control of the plume area. 
6 - Avg. pumping rate per well is a probable maximum flow rate based on pump tests and field observations. 
7 - Mass removal is expected to increase by 1 to 2 orders of magnitude when ERH is started. 



TABLE 4-5 

Groundwater lUlass Removal Rate and Liquid Phase Carbon Usage Worl<sheet 

Item First Year Second Year Third Year Fourth Year Fifth Year Totals Comments 

Percent of Total Mass 
Removed - Yearly Basis 

45% 22% 15% 11% 7% 100% 

VOC Removal Rate (lbs/day) 4.24 2.04 1.36 1.02 0.68 NA 
Refer to Summary of Groundwater Extraction Design and Mass 
Removal Table that shows average groundwater conentrations 
measured in representative wells in 'A' and 'B' zones. 

Estimated VOC Mass 
Removed (Ibs/yr) 

1,548 745 496 372 248 3,409 
The total estimated mass considered for the ex-situ treatment 
alternatives is 3,409 lbs. 

Carbon Usage (lbs) 112,964 54.350 36,234 27,175 18,117 248,839 
Assumed liquid phase carbon adsorption capacity is 1.37% w/w lor 
VOC compounds (excluding Vinyl Chloride). 

Notes: 
1. The assumed liquid-phase carbon usage of 1.37% (73 Ib. of carbon per 1 Ib of VOCs) is based carbon consumption calculations performed by Baker Filtration, Inc. 
2. The 1.37% carbon adsorption capacity used to determine carbon usage in this table is a conservative value, based on the results of Remediation System Evaluation (April 18-19, 2001 Final Report), 

conducted al the Baird and McGuire Superfund Site, the average liquid-phase carbon adsorption capacity was 3.5%. 
3. Vinyl chloride is expected to pass through carbon at trace level concentrations significantly below the 1,000 ppb total VOC LACSD sewer limit. Based on a composite sample from the A&B source zone 



TABLE 4-6 

Vapor Extraction System Design Summary for Lower Vadose Soil and Exposition Groundwater Remediation Zone 

VAPOR PHASE MASS REMOVAL FROM GROUNDWATER ESTIMATE 

Application Design Number of 
Vacuum Wells In 

Lower Vadose and 
Exposition 

Groundwater 

Number of Wells 
Simultaneously On-

Line 

Average 'A' and 
'B' Zone 

Measured VOC 
Removed Per 
Well, (lbs/day) 

Average 'A' and 
'B' Zone 

Measured Air 
Flow Per Well 

(cfm) 

Design Air 
Flow Per Well 

(scfm) 

Design Total 
Air Flow 
(scfm) 

Estimated Total 
VOC Removed 

Per Day 
(lbs/day) 

Comments 

Lower Vadose and 
Exposition Groundwater 

32 32 4.0 48.5 7 224 128.4 
Pilot test was performed on source area wells RW-01 -70 in 
the 'A' Zone and RW-01-95 in the 'B' Zone. 

Notes: 
1. Average per-well 'A' and 'B' zone air How is based on HVDPE extraction rates Irom HVDPE Pilot Study (see Table 4 3) 
2. Mass removal rate measured during the 1 -day HVDPE Pilot TesI (December 2002). Per-well VOC mass removal is an average adjusted by -25% for concentration spike observed on lirst day ol operation. 
3. Per-well mass removal estimate is based on average mass removed (rom 'A' and 'B' zones during the pilot test. 

lbs - pounds 
lbs/day - pounds per day 
sctm - standard cubic leet per minute 

VAPOR PHASE MASS REMOVAL FROM GROUNDWATER AND CARBON USAGE WORKSHEET 

Item 
First Year 
Removal 

Second Year 
Removal 

Third Year 
Removal 

Fourth Year 
Removal 

Fifth Year 
Removal 

Totals Comments 

Percent of Total Mass 
Removed - Yearly Basis 

54% 21% 11% 8% 6% 100% 
Columns with multiple year periods were multiplied by the number of years in 
the period in order to equal 100%. 

VOC Removal Rate 
(lbs/day) 

128.4 50.0 25.0 20.0 15.0 NA 
The first year removal rate was determined from the Mass Removal Estimate 
Worksheet (above). 

Estimated VOC Mass 
Removed (Ibs/yr) 

46,866 18,250 9,125 7,300 5,475 87,016 
Total mass considered for vapor phase carbon adsorbtion from 35 to 100 feet 
bgs is based on 87,016 lbs. 

Carbon Usage (lbs) 468,660 182,500 91,250 73,000 54,750 870,160 Assumed vapor phase carbon retention factor equals 10% for TCE. 

Notes: 
1. Reler the Conceptual Designs lor additional notes and assumptions. 
2. Wells in the vicinity of the W.W/. Henry property may contribute significant amounts o( additional VOCs. resulting in additional carbon demand, depending on when the Pemaco remedial action is implemented 



TABLE 4-7 

Blower Sizing Calculations for Perched and Exposition Zone Vapor Extraction Systems (no ERH) 

Selected 

PERCHED ZONE BLOWER REQUIREMENT CALCULATION REFERENCE DATA 
VI P1/P2 T2/T1 V2 Perched Pilot 

Total Pressure Temperature Total Study Absolute 

Perched Flow No. Of Flow Correction Correction Flow Pressure Pressure 

S C F M Wells S C F M ACFM Measurement Or Temp. 

9 27.00 243 3.35 1.05 854.30 P2 = P at Blower Inlet (in Hg) 21 8.92 

10 27.00 270 3.35 1.05 949.22 PI = P atmos. (in Hg) atmos 29.92 

11 27.00 297 3.35 1.05 1044.15 T2 = T at Blower Inlet (Deg. K) 85 Deg F 302.59 

12 27.00 324 3.35 1.05 1139.07 T1 = T at Well (Deg. K) 60 Deg. F. 288.7 

EXPOSITION ZONE BLOWER REQUIREMENT CALCULATION REFERENCE DATA 

Selected 

VI P1/P2 T2/T1 SYSTEM Deep Pilot 
Total Pressure Temperature Total DESIGN Study A Zone Absolute 

Deep Flow No. of Flow Correction Correction Flow (Sum of Pressure Pressure 
S C F M Wells S C F M A C F M Perched and Expo.) Measurement Or Temp. 

4 32.00 128 4.32 1.05 553.43 1502.66 

1641.01 

1779.37 

1917.73 

P2 = P at Blower Inlet (in Hg) 23 6.92 

5 32.00 160 4.32 1.05 691.79 

1502.66 

1641.01 

1779.37 

1917.73 

PI = P atmos. (in Hg) atmos 29.92 

6 32.00 192 4.32 1.05 830.15 

1502.66 

1641.01 

1779.37 

1917.73 

T2 = T at Blower Inlet (Deg. K) 85 Deg F 302.59 

7 32.00 224 4.32 1.05 968.51 

1502.66 

1641.01 

1779.37 

1917.73 T l = T at Well (Deg. K) 58 Deg. F. 287.59 

8 32.00 256 4.32 1.05 1106.87 2056.09 

Notes: 
Notes: 

1. P1/P2 - from Boyles Law. 

2. T2/T1 - from Charles Law. 
3. 21 in. of Hg is the Avg. blower vacuum measurement from Perched Zone during the HVDPE Pilot Test. 

3. 23 in. of Hg is the Avg. blower vacuum measurement from perched (21 in.), A Zone (23 in.), and B-Zone (26.5 in.) during the HVDPE Pilot Test. 
4. Additional temperature correction for ERH should insignificant in blower sizing since ERH vented air will be mixed with perched and deep zone air to moderate 

temperature by the time the air reaches the blower inlet. 
5. System design can be modified for the addition of ERH vapor wells by cycling extraction modes throughout the well tield. 



TABLE 4-8 
Pump Power Results for Various Air Flowrates and Manifold Vacuum Levels 

Vacuum Pump Horse Power for Various Manifold Pressures 

Air Flowrate 
(scfm) 

20" Hg 22" Hg 24" Hg 26" Hg Air Flowrate 
(scfm) 4.89 psia 3.91 psia 2.93 psia 1.96 psia 

5 0.56 hp 0.71 hp 0.9 hp 1.2 hp 
10 1.1 hp 1.4 hp 1.8 hp 2.5 hp 
50 5.6 hp 7.1 hp 9.1 hp 12.4 hp 
100 11.3 hp 14.2 hp 18.3 hp 24.7 hp 
200 22.6 hp 28.4 hp 36.5 hp 49.5 ho 
500 56.6 hp 70.9 hp 91.3 hp 124 hp 

Source: Battelle. October 1998. Application Guide For Bioslurping -TM-2301-ENV, Volume II 
- Principles and Practices of Bioslurping 



TABLE 4-9 
Vapor Treatment System Air Flow 

Blower 
Operating 
Vacuum 
(in. Hg) 

Blower inlet Flow 

(ACFM)' 

Blower Flow 

(SCFM)^ 

Maximum Flow 
Rate for Two 

Blowers 
(SCFM) 

Notes 

16 1050 488 976 
Operating vacuum should not be less than 15 in. Hg to 
prevent oil blow-by 

18 1080 430 860 -

20 1100 364 728 

22 1120 296 592 

24 1100 217 434 

Notes 
1. Blower flow rate is depicted from blower performance curve for Dekker Vacuum Technologies VMX1103 K (75 Hp) 
2. Assumes a 68 degree (average) blower inlet temperature 



Table 4-10 
EQUIPMENT WEIGHTS AND SIZES 

EQUIPMENT NAME EQUIPMENT EQUIPMENT CONTENTS EQUIPMENT TOTAL SKID/EQUIPMENT DIMENSIONS COMMENTS 
NUMBER CAPACITY WEIGHT WEIGHT WEIGHT LENGTH WIDTH HEIGHT 

[Ib] [Ib] [Ib] 

VESSELS AND TANKS 
Fuloislure Separator V-101 500 Gal/1000 SCFM 7,093 3,500 10,593 . 7' 7' 7'7" Skid mounted 
Caustic Soda Tank V-102 1,500 Gallons 12,516 250 12,766 N/A 8' DIA. 6'10"' With Secondary Containment 

Vapor Granular Carbon Adsorber V-104 4,000 Ib 4,000 3,340 7,340 N/A 6' DIA. 710" Circular base 
Vapor Granular Carbon Adsorber V-105 4,000 Ib 4,000 3,340 7,340 N/A 6' DIA. 710" Circular base 

Holding Tank V-106 4,900 Gallons 40,890 3,000 43,890 N/A 12' DIA. 8,1" No skid 
Liquid Granular Carbon Adsorber V-107 3,000 Ib 3,000 3,000 6,000 N/A 5' DIA. 8' Circular base 
Liquid Granular Carbon Adsorber V-108 3,000 Ib 3,000 3,000 6,000 N/A 5' DIA. 8' Circular base 

GW Booster Tank V-110 905 Gallon 7,508 300 7,808 N/A 5'4" DIA. 6'7" No skid 
Flamless Thermal Oxidizer H-301 1000 SCFM 2,500 13,000 15,500 30' 8' ?• Stack to 25' high. 

PUMPS AND VACUUM BLOWERS 
Vacuum Blower P-101 1,000 SCFM 0 5,000 5,000 

17 8' N/A One skid for both vacuum blowers 
Vacuum Blower P-102 1,000 SCFM 0 5,000 5,000 

17 8' N/A One skid for both vacuum blowers 

Vacuum Blower P-103 1,500 SCFM 0 3,000 3,000 7' 7' 5' Skid mounted 

AIR COMPRESSORS 
Air Compressor P-301 124 S C F M 0 1,375 1,375 3'9" 2'9" N/A Square base 

FILTERS 
Water Filter F-105 180 G P M 0 43 43 N/A 7.68" DIA. N/A Circular base 
Water Filter F-106 180 G P M 0 43 43 N/A 7.68" DIA. N/A Circular base 
Water Filter F-107 400 G P M 0 484 484 N/A n o " DIA. 5'8" Circular base 
Water Filter F-108 180 G P M 0 43 43 N/A 7.68" DIA. N/A Circular base 
Water Filter F-109 180 G P M 0 43 43 N/A 7.68" DIA N/A Circular base 
Water Filter F-110 180 G P M 0 43 43 N/A 768" DIA N/A Circular base 

Calcium Filler F-112 20 G P M 700 810 1,510 4'2" 2' 6'B" Circular base 

VAPOR CONDITIONING PACKAGES 
Air Cooler H-101 1,500 ACFM 0 200 200 2.5 6 4' TBD by Anguik, Vapor Conditioning Package 1 

Moisture Separator V-103 638 Gallons 5,524 2,627 8,151 N/A 4'6" DIA. 5'5" TBD by /\nguik. Vapor Conditioning Package 1 
Air Warmer H-201 1,500 ACFM 0 200 200 2.5 6 4' TBD by Anguik, Vapor Conditioning Package 1 

Heat Exchanger H-202 20 G P M 0 600 600 5'7" 2'6" 3'1" Water cooler. Possibly located outside. 

NOTES: 
1. Items such as interior piping, liquid transfer pumps, vapor filters, miscellaneous gauges and equipment that cannot produce a significant point load have been omitted from this table. 



TABLE 4-11 - EQUIPMENT AND INSTRUMENT SPECIFICATION SUMMARY 

P&ID Item Descript ion Dimension Material/Schedule Operating Spec. Manufacturer Catalog Other Specif ications 

C V-101 
Compressed air FTO Instrumeniation 
solenoid control valve 

3/4- Brass 150 psig PLC Controlled 

C V-102 Bypass Control Valves 8' C P V C SCH80 
Rated for 15 psig. 

200° F 
Hayward Manual Butterfly Valve 
Engineer Approved Equivalent 

Flanged Butterfly valve with Vilon elastomer 

CV-201 
Compressed air supply 3-way solenoid 
valve 

2- Brass 150 psig Controlled by P L C 

CV-203 Actuated Valve 4" PVC S C H 80 150 psig Controlled by P L C 

dPIT-101 Differential Pressure Indicating Transmitter Stainless Steel 0-tO" WC Dwyer Instrument Model* 605-6 
Electrical accuracy ±0.5%. mechanical accuracy ±2%. 4-20 mA. 2 wire. 10-35 
VDC. 0-10' WC, stainless steel connection tubing 

F-101 & 102 Inlet Vacuum Particulate Filter Skid: 4'x3'-2' Stainless Steel 5 Microns/2000 A C F M Solberg C S L Series 

99%-H removal efficiency, Inlet air enters canister above element, S S Housing 
cartndge filter, Positive sealing 0-ring seal system. 0.5 bar pressure for vacuum 
tightness. Vacuum level: IxlO'^mmHg, Two filters installed in parallel with valving 
as shown in Drawing M-4. 

F-103 & 104 Oil Mist Exhaust Filter Skid 4'-4-x3'-8- Stainless Steel 5 Microns/1000 A C F M Solberg HDL Series 
0-5 PSIG operating. 10 PSIG proof pressure, Minimum 99.97% D O P. on 0.3 um 
diameter particles. Positive sealing O-ring seal system, S S Housing cartridge filler 
Two filters installed in parallel with valving as shown in Drawing M-4. 

F-105. F-106, 
F-109. F-110 

Water Filler, size two bag filter housing 7.68" Diameler 316 Slainless Sleel 180 G P M 

Hayward/Ealon FiUralion. LLC. 
Flowline™ VMBF S E # VMBF-0402-

AB10-040A-UT-1 ISE 

Single 316 S S bag filter with size two bag filter housing, 2 ' flanged inlel/outlets. 
Skid mounted. Shut-off valves as shown in Drawing M-4. 

F-107 
Water Filter, Four (4) size two bag filter . 
housings in one vessel 

22" Diameter x 68" Height 316 Stainless Steel 400 G P M 

Hayward/Eaton Filtration. LLC. Qic-

Lock^" Maxiline^" VMBF S E # 
VMBF-0402-AB10-040A-UT-1ISE 

MuKipfe 316 S S bag filter with (4) size two bag filter housings inside one vessel, 
spring assisted cover, 4* flanged inlet/outlets, low profile for quick filler 
replacement. Mounted on skid with single bag filter F-108. tnlet/oullet shut-oft 
valves as shown in Drawing M-4. 

F-108 
Water Filter, One {1), size two bag filter 
housing 

7.68" Diameter 316 Stainless Steel 180 G P M 
Hayward/Eaton Filtration, LLC. 

Flowline^" VMBF S E M VMBF-0402-

AetO-020A 

Single 316 S S bag filter with (1) size two bag fitter housing, 2" flanged inlet/outlets, 
low profile tor quick filter replacement. Mounted on skid wilh multiple bag filter 
housing F-107. Shut-off valves as shown in Drawing M-4. 

F-111 
Air Filter-compressed air particulate filter 
with automatic drain 

1 1/2" NPTF 250 cfm a 150 psig Kaeser KPF-250 

F-112 Calcium Filter 50"x24'x80V1.5* inlet 
20 G P M min/<3ppm 

Calcium 
U.S. Filler KF Series 
K F Z S D 0 2 1 F P Z V B X 

US Filter KF Series Duplex Alternating Softener w/ brine tank. Feed Temp 45-
lOO'F. Feed pressure 30-100 psig. <3ppm Calcium 

F-113 Regenerative Desiccant Dryer 23- x 7 ' x 3 r (L X W xH) 
5 S C F M , 90 PSIG, -

gO'F Dew Point K A E S E R KADW-10 
To provide continuous 5 sctm, 90 psig. and -90°F dew point purge air to FTO. 
Regenerative desiccani type 

FE-101 Vapor Flow Element-Averaging Pilot Tube Stainless Steel 0-3040 S C F M Dywer DS-300-8" Averaging pitot tube to be used with differential pressure transmitter (dPIT-101) 

R-101 Vapor Flow Indicator 1/4" NPT Brass 
Swagelock Borethrough B-500-1-

4BT with Plug (B-500-P) 1/4" NPT borethrough fitting for insertion of averaging pitot tube. 

FQI-201 Flow Totalizer & Indicator Inlet: SVOutlet: 3" 
PVDF Rotor, P V C 

SCH80 TEE 
22-450 G P M 

Signet Series 515 Rotor X, Signet 
Series 8550 ProcessPro Flow 
Transmitter, Signet Installation 

Fitting 3" Tee 

Self-powered flow sensor, housing material PVDF, rotor material nat. PVDF. pipe 
size 1/2" to 4" <Harrington Plastics Part* PSI 530-V0>. Field mount with dual 
input/output <Harrington Plastics Part# 3-8550-3>, 4-20mA. 24 VDC power. 
<Harrington Plastics Partii* PV8T030> 

FQI-202 Flow Totalizer & Indicator Inlet: 270utl6t: 2" 
PVDF Rotor. PVC 

S C H 8 0 T E E 
20-200 G P M 

Signet Series 515 Rotor X, Signet 
Series 8550 ProcessPro Flow 
Transmitter. Signet Installation 

Fitting 2' Tee 

Self-powered flow sensor, housing material PVDF. rotor materiaf nat. PVDF. pipe 
size 1/2" to 4" <Harringlon Plastics Part# PS1530-VO>. Field mount with dual 
input/output <Harrington Plastics Part* 3-8550-3>. 4-20mA, 24 VDC power, 
<Harrington Plastics Part* PV8T020> 

FQI-203 Flow Totalizer & Indicator Inlet 2"/0utlet. 2" Brass 2.5-160 G P M McMaster-Carr 37e6k96 Corrosion-Resistant totalizer with Impeller. NPT male connection 

H-101 Air Chiller/Condenser To be Determined Via Design/Build The VC Package must be capable of interfacing with both the FTO P L C and 
treatment compound PLC. 
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Item Description 

T A B L E 4-11 - EQUIPMENT AND INSTRUMENT SPECIFICATION S U M M A R Y 

Dimension Material/Schedule Operating Spec. Manufacturer Catalog Other Specifications 

To be Determined Via Design/Build 
The VC Package must be capable ot interfacing with both the FTO PLC and 
treatment compound PLC. 

H-202 Heat Exchanger Inlet: 2"/0utlet. 2" 
Stainless 

Steel/Copper coils 
20 G P M 

Xchanger, Inc. LC series or 
equivalent See Table 4-12 2 - Major Equipment Specifications for more details. 

H-301 Flameless Thermaf Oxidizer and Scrubber Skid: 8-x30' 1000 S C F M Max. To be provided by Anguif and procured by U S A C E 

LI-101 Level Indicator 
Level indicator for moisture separator to consist of clear pipe with valves and 
flanges/unions to allow tor replacement/cleaning of indicator 

L M 0 2 Level Indicator 
Level indicator for Holding Tank to consist of clear pipe with valves and 
flanges/unions to allow for replacement/cleaning of indicator 

LI-103 Level Indicator 
Level indicator for caustic tank Mechanical gauge mounted onto the top of the 
double contained caustic tank. 

LI-201 Level Indicator 
Level indicator for booster tank lo consist of clear pipe wilh valves and unions to 
allow for replacement/cleaning ot indicator 

LSH-101 Level Switch High Stainless Steel 
W E. Anderson Flotect® Series L6 

with stainless steel float 
Plumbing and electrical configured for quick removal for cleaning/replacement 

LSH-201 Level Switch High Stainless Steel 
W.E. Anderson Flotect® Series L6 

with stainless Steel float 
Plumbing and eleclrical configured for quick removal tor cleaning/replacement 

Dwyer F7-MQ Series Multi-Station 

LSH-202 Level Switch High Stainless Steel Level Switch or Engineer approved 
equivalent. 

Plumbing and electrical configured for quick removal for cleaning/replacement 

LSHH-101 Level Switch High-High Stainless Steel 
W.E. Anderson Flotect® Series L6 

with stainless steel float 
Plumbing and electrical configured for quick removal for cleaning/replacement 

L S H H - 1 0 2 Level Switch High-High Stainless Steel 
W.E. Anderson Flotect® Series L6 

with stainless steel float 
Plumbing and eleclrical configured tor quick removal for cleaning/replacement 

LSH H-201 Level Switch High-High Slainless Steel 
W.E. Anderson Flotect® Series L6 

with stainless steel float 
Plumbing and electrical configured for quick removal for cleaning/replacement 

Dwyer F7-M0 Series Multi-Station 

LSHH-202 Level Switch High-High Stainless Steel Level Switch or Engineer approved 
equivalent. 

Plumbing and electrical configured for quick removal for cleaning/replacement 

LSL-101 Level Switch Low Stainless Sleel 
W E. Anderson Rotect® Series L6 

with stainless sleel float 
Plumbing and electrical configured for quick removal for cleaning/replacement 

LSL-103 Level Switch Low 316 Stainless Steel 
Dwyer/W. E. Anderson Series F7 

Vertical Level Switch 
Vertical Level Switch installed from the top of the double contained tank. Float 
material must be chemically compatible with 25% NaOH solution 

LSL-201 Level Switch Low Stainless Steel 
W.E. Anderson Flotect® Series L6 

with stainless steel float 
Plumbing and electrical configured for quick removal for cleaning/reptacemeni 

Dwyer F7-MQ Series Multi-Station 

L S L - 2 0 2 Level Switch Low Stainless Steel Level Switch or Engineer approved 
equivalent. 

Plumbing and electriccd configured for quick removal for cleaning/replacement 

LSLL-102 Level Switch Low-Low Stainless Sleel 
W.E. Anderson Flotect® Series L6 

with stainless steel float 
Plumbing and eteclrical configured for quick removal for cleaning/replacement 

LSLL-201 Level Switch Low-Low Stainless Steel 
W.E Anderson Flotect® Series L6 

wilh stainless steel float 
Plumbing and electrical configured for quick removal for cleaning/replacement 

P-101 & 102 Liquid-Ring Vacuum Pump Skid: 17x87lnlef 8"/0utlel 8* TYP 75 HP/1000 S C F M 
Oil-Sealed 75 hp Dekker Vacuum 

Technologies, inc. Model 
VMX1103K 

Equipped with oil liquid ring, system interlock/failsafe, alarms, and hour meters. 
See Table 4-12 - Major Equipment Specifications tor more details. 

P-103 Regen. blower with sound enclosure Skid" 7*x7'. Inlet: 8"/0utlet: 8" 
Approx 1,500 C F M . 20 

HP To be provided by Anguil pari of the vapor conditioning package 

P-201 Transfer Pump 
Skid: combined with V - iO i moisture 
separator 

316 Stainless Steel 
30 GPM/75 ' TDH/3 

Phase. 460 V 
Self priming centrifugal see Major Equipment Specifications for more details. 
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TABLE 4-11 - EQUIPMENT AND INSTRUMENT SPECIFICATION SUMMARY 

P&ID Item Descript ion Dimension Material/Schedule Operating Spec. Manufacturer Catalog Other Specif icat ions 

P-202 Holding Tanl< Pump Skid: 4-x4' 316 Stainless Steel 
100 GPful/75' TDH/3 

Phase. 460 V 
Cenlrilugal pump see fylaior Equipment Specifications for more details. 

P-203 Booster Tank Pump T Y P 316 Stainless Sleel 
110 GPM/55 'TDH/3 

Ptiase. 460 V 
Centrifugal pump see Major Equipment Specifications lor more details. 

P-204 Pump for Secondary Containment Sump T Y P 316 Stainless Steel 
30 GPM/35' waler/3 

Phase. 460 V 
Submersible sump pump, solid tiandeling, self priming. Equipped with LSL, LSH. 
LSHH, system interlock, and alarms. 

P-205 Metering Pump T Y P Provided by Anguil and installed by the contractor. 

P-206 Transfer Pump To be provided by Anguil part of tfie vapor conditioning package 

P-301 
Rotary Screw Air Compressor and receiver 
tank 

45" X 33' - compressor. 30" Oia receiver TYP 
125 PSI. 124 SGFfvl. 
30 Hp. 240 Gallon 

receiver 
Kaeser Compressor AS-30 See Table 4-12 • Major Equipment Specifications lor more details. 

PI-101 Air Pressure Indicator T Y P 304 Stainless Sleel 0-15 PSI 2-1/2* Dial Glycerin-Filled, Grade A. Back or Bottom NPT male connection 

PI-102 Air Pressure Indicator 304 Stainless Steel 0-200 2-1/2" Dial Glycerin-Filled. Grade A, Back or Bottom NPT male connection 

PI-103 Air Pressure Indicator 304 Stainless Steel 0-120 2-1/2" Dial Glycerin-Filled, Grade A. Back or Bottom NPT male connection 

PI-201 Vtfater Pressure Indicator T Y P 316 Stainless Steel 0-60 PSI 2-1/2" Dial Glycerin-Filled. Grade A, Back or Bottom NPT male connection 

PI-202 Vtfater Pressure Indicator T Y P 316 Stainless Sleel 0-30 PSI 2-1/2" Dial Glycerin-Filled, Grade A. Back or Bottom NPT male connection 

PS-101 Pressure Switch TYP Stainless Steel 22.5-125 PSI McMaster* 46995K17 Compact cylindrical pressure switch. Nema 1. 1/2" NPT male. 5A @ 125/250 VAC. 
Buna - N diaphragrT) - sealed piston, set point range 22 5-125 psi, SPOT 

PT-101 Air Pressure Transmitter T Y P Stainless Steel 0-15 PSI Dwyer Instrument Model* 673-30 i0 .25% lull span accuracy. 17-4 PH S S . 4 to 212"F. 4-20 mA, 2 wire. 0-15 psi 

PT-102 Vi/ater Pressure Transmitter TYP Stainless Steel 0-5 PSI Dwyer Instrument ModeW 673-30 ±0.25% fufi span accuracy. 17-4 PH S S , 4 to 212°F, 4-20 mA. 2 wire. 0-5 psi 

PT-201 Water Pressure Transmitter T Y P 316 Stainless Steel 0-60 PSI McMaslerd 3196K1 Economy transducer, 1/4" NPT male, 316 S S . -40 lo 2 1 2 ^ . s 0.5% accuracy, 10-
30 VDC, 2 wire. 4-20 mA 

PT-202 Water Pressure Transmitter TYP 316 Slainless Sleel 0-60 PSI McMasterd 3196K1 
Economy transducer, 1/4" NPT male, 316 S S . -40to212°F. s 0.5% accuracy. 10-
30 VDC. 2 wire. 4.20 mA 

PT-203 Wafer Pressure Transmitter T Y P 316 Stainless Steel 0-60 PSI McMasler* 3I96K1 
Economy transducer, 1/4" NPT male, 316 S S . -40 to 212°F. s 0.5% accuracy, 10-
30 VDC. 2 wire. 4-20 mA 

PT-204 Water Pressure Transmitter T Y P 316 Stainless Steel 0-60 PSI McMaster# 3196K1 Economy transducer, 1/4" NPT male, 316 S S . -40 to 212°F. s 0.5% accuracy, 10-
30 VDC. 2 wire. 4-20 mA 

R-101 Air Regulator 1 1/2' NPTF 5-126 psi McMaster» 4959K57 

R-102 Air Regulator 3/4- NPTF 5-150 psi McMaster* 4959K54 

R-103 Air Regulator r NPTF 5-125 psi McMaster* 4959K55 

TI-101 Temperature Indicator T Y P Slainless Sleel 30.240'F 
3 ' Dial Bimetal Stem Thermometer. 30 to 240*F. 316 S S . Back or Bottom NPT 
male connection with thermowell 

TIT-101 Temperature Indicating Transmitter TYP Stainless Steel 0-200"F 
Transmitter - Omega # PRTXD-

200F-4-SL Thermowell -
McMaster* 3957K657 

Temperature Transmitter with Display and RTD sensor, straight thermowell. 1/2" 
NPT. 4" bore depth. 316 S S 
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P&ID Item Descript ion Dimension Material/Schedule Operating Spec, Manufacturer Catalog Other Specif ications 

TIT-102 Temperature Indicating Transmitter TYP Stainless Sleel 0-200=F 
Transmitter - Omega # PRTXD-

200F-4-SL Thermowell -
McMasler* 3957K667 

Temperature Transmitter with Display and RTD sensor, straight thermowell, 1/2" 
NPT, 4 ' bore depth, 316 S S 

TIT-103 Temperature indicating Transmitter TYP Slainless Steel 0-200°F 
Transmitter - Omega * PRTXD-

200F-4-SL Thermowell -
McMaster* 3957K667 

Temperature Transmitter with Display and RTD sensor, straight thermowell. 1/2" 
NPT, 4" bore depth, 316 S S 

TIT-201 Temperature Indicating Transmitier T Y P Slainless Steel 0-200"F 
Transmitier - Omega * PRTXD-

200F-4-SL Thermowell -
McMaster* 3957K667 

Temperature Transmitter with Display and RTD sensor, straight thermowell. 1/2' 
NPT. 4" bore depth. 316 S S 

TIT-202 Temperature Indicating Transmitter TYP Stainless Steel 0-200''F 
Transmitter - Omega * PRTXD-

200F-4-SL Thermowell -
McMaster* 3957K667 

Temperature Transmitter wiih Display and RTD sensor, straight thermowell. 1/2* 
NPT, 4 ' bore depth, 316 S S 

V-101 Moisture Separator Approximate skid dimensions to be 7' x 7' 
1/4" minimum hot 

rolled steel 

Remove 95% of all 
liquid droplet/30' Hg 

Max. Vacuum 

Rated at 500 Gal. working capacity 
and 1000 S C F M at 22 in Hg 

See Table 4-12 - Major Equipment Specifications for more details. 

V-102 Caustic Soda Tank 8 Dia x6 ' -10 ' High 
Crosslinked 

Polyethylene Double-
wall 

1.500 Gal 
Poly Processing Company S A F E -
TANK® Stock Number 42001550 

See Table 4-12 - Major Equipment Speciiications tor more details. 

V-103 Moisture Separator To be Determined Via Design/Build 
The VC Package must be capable of interfacing with both ihe FTO PLC and 
treatment compound PLC . 

V-104 & 105 Carbon Adsorber 6' Dia.X 94" High/lnlel lO'/Oullet. 10" 

Double layered 
Epoxy Coated 
Carbon Steel, 

Var^uum Rated 

4.0001b. 3000 cfm. 15 
psig, 4 in. Hg Vac 

Baker Filtrations Kleen.Air 4,000S-F 
Operating fill: 4.000 Ib virgin coconut shell carbon. See Table 4-12 - Major 
Equipment Specifications for more details. 

V-106 Water Holding Tank )2- Dia. 8' }• High cross linked HDPE 4.900 Gallon 
Poly Processing Company Stock 

Number 11004900. 
See Table 4-12 - Major Equipment Specifications for more details. 

V-107 & 108 Liquid-Phase Carbon Adsorber 5' Dia X 96" High/Inlet: 4", Outlet 4" 
Double layered 
Epoxy Coated 
Carbon Steel 

3.000 lb/150 GPM/75 
psig 

Baker Filtration Kleen. Water 
3000HPV 

Operating fill; 3.000 Ib virgin coconut shell carbon. See Table 4-12 - Major 
Equipment Specifications for more details. 

V-104 & 105 Vapor-Phase Carbon Vessel 2 ' fnfet/outlets Epoxy Coated Steel 
55-Gallon Drum/200 

pound capacity 
55-Galfon carbon drum fifled wifh virgin coconut sheft carbon. 

V-110 Groundwater Booster Tank 5' 4" Dia X 6' r Tall cross linked HDPE 905 Gallon 
Poly Processing Company Stock 

Number 41100905 
See Table 4-12 - Major Equipment Specifications for more details. 

V-111 Air Receiver Tank 240 Gallon 30' Diameter Painted Carbon Steel 240 Gallon See Table 4-12 - Major Equipment Specifications for more details. 

V-106 Water Holding Tank 12' Dia, 8' r High cross linked HDPE 4,900 Gallon 
Poly Processing Company Stock 

Number 11004900. 
See Table 4-12 - Major Equipment Specifications for more details. 

VI-101 Vacuum Indicator TYP Stainless Steel 0 to -30" Hg 
2-1/2' Dial Glycerin-Filled, Grade A. Back or Bottom connection. 5 ' Figure Interval. 
0.5' Grad Mark. 1/2' NPT male. 316 S S 

VT-101 Pressure Transmitter T Y P Stainless Steel 0 to -30' Hg McMaster* 3200K1 
High accuracy transducer. 1/2" male NPT, 316 S S , -40 to 2 l2 ' 'F . < 0.25% 
accuracy, 10-30 VDC. 2 wire. 4-20 mA 

Flame Arrestor Size to match pipe 
Flame arrestor lo serve as a backflash prevention device {from vapor phase 
carbon vessels). 

Clean-out Wye Inlet- 2*/0utlet: 2" Flanged 

Vacuum Breaker (Anti-Siphon) Inlet: 3"/0utlet: 3" PVC or Brass 125 PSI Max Installed at the highest point of the treatment train (as shown in Drawing M-4). 
Must meel A S S E Standard 

Sampling Box for LACSD 
Insalled above grade by the building contractor. Refer to L A C S D std. drawing 1-12 
for details. 

Water Ball Valves Size to match pipe PVC 
Spears True Union 2000 Indusfrial 
Ball Valve or Engineer Approved 
Equivalent 

True union ball valve with viton liner/seals. 

Water Butterfly Valves Size to match pipe P V C Hayward Manual Buttedly Valve 
Engineer Approved Equivalent Flanged Butterfly valve with viton seats/seals 
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Water Check Valves Size to match pipe PVC 
Spears Industrial Ball Check Valve 
Engineer Approved Equivalent 

True union with viton elastomer. 

Vapor Diaphragm Valves 6" PVC 
Asahi Flanged Diaphragm Valves 
Type G 

Flange, Teflon with E P D M backing, bubble-tighf closure, positiort indicator 

Vapor Butterfly Valves Size to match pipe Match Pipe Material 
Hayward Manual Butterfly Valve 
Engineer Approved Equivalent 

Flanged Butterfly valve wilh Viton elastomer 

Vapor Check Valves Size to match pipe 
C P V C Of Stainless 

Sleel 

Technocheck seatiess check valve 
or Engineer Approved Equivalent 

Flanged, viton elastomer 
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TABLE 4-12 - MAJOR EQUIPMENT SPECIFICATIONS 

Moisture Separator V-101 and Transfer Pump P-201 

Moisture Separator 
Skid mounted 
500 gallon minimum working capacity (volume between LSL and LSH). 
Air flow capacity of 1000 scfm at 22 in. Hg. 
Vacuum rated (30" Hg vacuum). 
316 Stainless Steel Construction 
Tangential inlet and demister element. 
Water droplets reduced to 250 micron. 
The moisture separator must remove 95% of all liquid droplets. 
Sight tube/level indicator with unions and isolation valves for quick disassembly/replacement 
and clean-out. 
8-inch flanged inlet, 8-inch flanged vapor outlet. 
One 2" manual drain at the bottom of tank. 
Two access points shall be provided for knockout tank clean-out. 
- A clean-out access plate shall be installed on top to allow demister element servicing. 
- A minimum eight-inch-diameter access plate at the bottom of the knockout tank to allow 

for cleaning sediment and any debris from the tank bottom. 
316 stainless steel LSL, LSH, and LSHH level switches. 
Level switches must be installed to allow for quick disassembly and clean-out. 
The moisture separator must include a vacuum and pressure relief valve. 
Maximum skid dimension (including transfer Pump P-201 below) to be 7' by 7'. 
Skid to include anchor bolt holes and must be bolted to concrete. 

Transfer Pump 
Mounted on V-101 moisture separator skid. 
316 Stainless Steel, self priming, centrifugal pump (480 VAC, 60 Hz, three phase) equipped 
with ODP or TEFC motor. 
Rated for a minimum of 30 gallons per minute rated at 75 feet of total dynamic head. 
Rated for high level of solids processing including silts and sands. 
Materials of construction rated for chlorinated and petroleum hydrocarbons. 
Flanged inlet/outlet with appropriate expansion fittings 
LSL and LSH controlled from PLC. 
Pump inlet to be positioned at the bottom of the tank for solids removal. 
A clean-out wye to be installed between transfer pump and knockout tank. 
The outlet of the transfer pump to include a 0-30 psig pressure gauge, a throttling valve, and a 
bubble tight PVC spring loaded check valve with viton seals as shown in P&ID. 
Piping and instrumentation specifications per drawing M-1. 
The transfer pump must be installed for quick removal/replacement. 
Provide one replacement transfer pump with flanges. The pump must be configured with 
electrical/plumbing that will allow for quick replacement of the originally installed pump. 
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TABLE 4-12 - MAJOR EQUIPMENT SPECIFICATIONS 

High Vacuum Blower P-101 and P-102 

Two High Vacuum Blowers 

Skid Mounted. 
Power supply for blower skid should be 480 VAC, three-phase. 60 Hz. 
Two (2) Oil-Sealed 75 hp Dekker Vacuum Technologies, Inc. Model VMX1103K assembly. 
Seal fluid separators/reservoirs to be equipped with high and low oil level shutdown 
switches. 
High oil temperature shutdown switches to be installed between outlet of liquid ring vacuum 
pumps and inlet to seal fluid separator/reservoir. 
Piping between seal fluid outlet of separator/reservoir and liquid ring vacuum pump inlet to 
be equipped with temperature control valves. 
8" flange inlet and outlet to skid. 
Liquid ring vacuum pumps must be able to operate independently or combined. 
Piping must include expansion fittings. 
Low friction loss check valves at the discharge side of each blower. 
Blowers must be constructed with lip seals and/or other provisions to allow for quick 
removal. 
Motors must be installed/configured for quick removal. 
Vacuum relief valves. 
Piping and Instrumentation as shown in Figure M-1. 
Skid to be constructed with top steel plate and include a 6" high steel berm at the pehmeter 
for the purpose of containing any spilled liquid-ring pump coolant/oil. 
Skid to include anchor bolt holes and must be bolted to concrete. 

Control Panel 

UL-listed electhcal assembly with a main disconnect in an oversized NEMA 13 enclosure. 
Overcurrent protection for main, branches, and controls. Thermal overioad protection for 
motor starters/contactors. 
Two (2) Hour Meters, one per blower. 
High and low oil level alarms in oil/seal fluid separator/reservoir. 
High temperature oil/seal fluid alarm. 
Two spare alarms. 
Input/Output communication to the PLC (per PLC specifications). 
Alarms above and PLC will shutdown the blowers. 
Hand/Off/Auto switch for each blower. Each blower must be able to operate independently. 
Hand mode will bypass the PLC. 
All control wires to be numbered. 
Green LED indicator lights: "Blower 1 Run 1," "Blower 2 Run, and red LED alarm lights: "B 1 
High Oil Level", "B 2 High Oil Level", "B 1 Low Oil Level", "B 2 Low Oil Level", " B 1 High Oil 
Temperature", leave the spare alarm lights unlabeled . All lights to have push to test 
feature. 
Red, cleariy placarded, emergency stop (E-Stop) push button mounted on panel. The E-
stop will shutdown blowers when activated. 
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TABLE 4-12 - MAJOR EQUIPMENT SPECIFICATIONS 

Groundwater Booster Vessel V-110 and Groundwater Booster Pump P-203 

Groundwater Booster Vessel V-110 

• 905 gallon (5' 4" Dia x 6' 7" Tall) vertical high density crosslinked polyethylene tank with 
integrally molded flanged outlet 
Tank to consist of Poly Processing Company Stock Number 41100905 
Tank Pad to consist of Poly Processing Company Pad Stock Number 78000054 
Vapor tight, bolted, polyethylene man way with viton gaskets with 19" opening. 
Tank fittings to be PVC. Gaskets to be Viton. 
Tank penetration to be vapor tight. 
Inlet and outlet connections to be flexible to allow from tank expansion/contraction and to 
reduce piping vibration stress on the tank. 
Tank must include vacuum and pressure relief valves. 
316 stainless steel LSLL, LSL, LSH, and LSHH level switches. 
Level switches must be installed to allow for quick disassembly and clean-out. 
Sight tube/level indicator with unions and isolation valves for quick disassembly/replacement 
and clean-out. 
Tank fill piping to consist of a 4" PVC bulkhead fitting and 4" schedule 80 PVC interior drop 
pipe (installed to the bottom of the tank). 
Indoor seismic zone IV restraint system installed per manufacturer's requirements. 
Tank to include ladder 

Booster Pump 

• Goulds NPE series (or engineer approved equivalent), 316 stainless steel, centrifugal pump 
(480 VAC, 60 Hz, three phase) equipped with ODP or TEFC motor. 
Rated for a minimum of 110 gallons per minute rated at 55 feet of total dynamic head. 
Rated for high levels of solids processing including silts and sands. 
Materials of construction rated for chlorinated and petroleum hydrocarbons. 
Flanged inlet/outlet with appropriate expansion fittings. 
LSL and LSH controlled from PLC. 
A clean-out wye to be installed between transfer pump and tank. 
The outlet of the transfer pump to include a 0-30 psig pressure gauge, a throttling valve, and a 
bubble tight PVC check valve with viton seals as shown in P&ID. 
Bolted to concrete pad. 
Piping and instrumentation specifications per drawing M-1. 
The transfer pump must be installed for quick removal/replacement. 
Provide one replacement transfer pump with flanges. The pump must be configured with 
electrical/plumbing that will allow for quick replacement of the originally installed pump. 
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TABLE 4-12 - MAJOR EQUIPMENT SPECIFICATIONS 

Holding Tank V-106 and Transfer Pump P-202 

Holding Tank V-106 

4,900 gallon (12' Dia x 8' 1" Tall) vertical high density crosslinked polyethylene tank 
Tank to consist of Poly Processing Company Stock Number 11004900. 
Tank outlet to consist of a bottom flanged siphon drain located at the lowest possible 
location of the tank (outlet with 45 deg elbow to bottom of tank). 
Tank fill piping to consist of 3" PVC bulkhead fitting with 3" schedule 80 PVC interior 
downpipe (installed to the bottom of the tank). 
Vapor tight, bolted, polyethylene man way with viton gaskets with 19" opening. (Available 
from Poly Processing Company). 
Tank fittings to be PVC. Gaskets to be Viton. 
All tank penetration to be vapor tight. 
Inlet and outlet connections to be flexible to allow from tank expansion/contraction and to 
reduce piping vibration stress on the tank. 
Tank must include vacuum and pressure relief valves. 
316 stainless steel LSLL and LSHH level switches. 
Level switches must be installed to allow for quick disassembly and clean-out. 
Sight tube/level indicator with unions and isolation valves for quick disassembly/replacement 
and clean-out. 
Indoor seismic zone IV restraint system installed per manufacturer's requirements. 
Tank to include ladder 

Transfer Pump 

• Goulds NPE series (or engineer approved equivalent), 316 stainless steel, centrifugal pump 
(480 VAC, 60 Hz, three phase) equipped with ODP or TEFC motor. 
Rated for a minimum of 100 gallons per minute rated at 75 feet of total dynamic head. 
Rated for solids processing including silts and sands. 
Materials of construction rated for chlorinated and petroleum hydrocarbons. 
Flanged inlet/outlet with appropriate expansion fittings. 
Controlled by variable frequency drive and set water level from pressure transducer (see PLC 
specifications). 
A clean-out wye to be installed between transfer pump and tank. 
The outlet of the transfer pump to include a 0-30 psig pressure gauge, a throttling valve, and a 
bubble tight PVC check valve with viton seals as shown in P&ID. 
Bolted to concrete pad. 
Piping and instrumentation specifications per drawing M-1. 
The transfer pump must be installed for quick removal/replacement. 
Provide one replacement transfer pump with flanges. The pump must be configured with 
electrical/plumbing that will allow for quick replacement of the originally installed pump. 
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TABLE 4-12 - MAJOR EQUIPMENT SPECIFICATIONS 

Air Compressor P-201 

• 480 VAC, 60 Hz, three phase electrical service 
• Kaeser rotary screw Model AS 30 compressor. 
• Configured to operate at 125 psig with 124 cfm air flow. 
• 240 Gallon ASME certified air receiver tank. 
• The air compressor and receiver tank must be installed and configured as shown in the 

P&ID. 
• Receiver tank to include a pressure gauge, pressure relief valve, automatic drain, 

manual drain, and galvanized steel plumbing. 
• The receiver tank must be painted white. 
• The discharge side of the receiver must include a Kaeser compressed air filter KPF-250 

air particulate filter with automatic drain and a 5-125 psig pressure regulator with 
pressure gauge. 

• Air compressor and 240 gallon receiver to be anchored to concrete per manufactures 
requirements. 

Heat Exchanger H-202 

480 VAC, 60 Hz, three phase electrical service. 
TEFC motor. 
Rated for outdoor use 
Xchanger, Inc. LC series or equivalent. 
Tube material to be copper. 
Sized for 20 gpm water flow with inlet temperature of 165° F and outlet temperature of 
130° F. 
Two-inch flanged inlets and outlets 
Vertical air flow configuration 

Vapor-phase Carbon Vessels V-104 and V-105 
• Baker Filtrations Kleen.Air 4000 S-F. Calgon Protect VS-6 vessels can be used as an 

alternative, however, the contractor must ensure these vessels can fit inside the door of 
the building. 

• 6' diameter, 94" height, 10" inlet/outlets. 
• 3000 cfm maximum flow rate. 
• Vacuum and pressure relief valves. 
• The vessels must be bolted to the concrete pad. 
• Lead/Lag manifold mounted on pipe rack with valves and instrumentation as shown in 

Drawing M-1. The pipe rack must be bolted to the concrete pad. 
• Filled with 4,000 pounds of virgin coconut shell carbon with the following specifications: 

o Minimum Butane Activity (ASTM D5742) of 23.5 
o Minimum carbon tetrachloride activity (ASTM D3467) of 60% 
o 1100-1250 surface area (B.E.T) m /̂g 
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TABLE 4-12 - MAJOR EQUIPMENT SPECIFICATIONS 

Liquid-phase Carbon Vessels V-107 and V-108 
Baker Filtration Kleen Water 3000 HPV vessels. 
60" diameter, 96" height, 4" inlet/outlet 
150 gpm maximum flow. 
Pressure relief valves. 
Automatic air vents with drains installed to the bottom of the vessels. 
The vessels must be bolted to the concrete pad. 
Lead/Lag manifold mounted on pipe rack with valves and instrumentation as shown in 
Drawing M-1. 
Filled with 3,000 pounds virgin coconut shell carbon with the following specifications; 

o Acid washed, contact pH 6.5 - 8 
o Minimum Iodine of 1100 mg^/g (ASTD D 4607) 
o Minimum carbon tetrachloride activity (ASTM D3467) of 60% 

Caustic Tank V-102 
Poly Processing Company SAFE-TANK® Stock Number 42001550. 
Inlet to include 2" PVC bulkhead with 2" PVC downpipe (installed to the bottom of the 
tank) and support. 
Outlet to include 2" SAFE-TANK® bellows style secondary transition fittings with PVC 
nipple Poly Processing Company Part # 7604 installed at bottom of tank. 
Indoor seismic zone IV restraint system installed per manufacturer's requirements. 
Tank to include pressure and vacuum relief valves. 
Inlet and outlet connections to be flexible to allow from tank expansion/contraction and 
to reduce piping vibration stress on the tank. 
Tank to include 316 stainless steel magnetic type level switch installed from the top of 
the tank. 
Tank level indicator to consist of a mechanical gauge installed through the roof of the 
tank. 
Tank to include ladder. 

Skids 
All components to be removable without lifting skid (i.e., bottom nuts or connecting bolts 
for each component to be welded to skid). 
Equipped with appropriate anchor bolt holes and secured to concrete. 
Painted with rust resistant enamel coating. 
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Table 4-13 
Pump Air and Groundwater Flow Rates for Friction Loss Calculations 

Pumping Zone Depth to Pump 

(ft)' 

Anticipated 
Average Flow 

(gpm) ^ 

Pump Air 
Supply Pressure 

(psig) 

Air F low 

(scfm) ^ 

Doubled 
Groundwater 
Flow (gpm) 

Doubled Air 
Flow 

(scfm) 

A Zone 80 0.7 70 0.518 1.4 1.036 

B Zone 100 1.6 70 1.296 3.2 2.592 

A and B 
Exposition Zones 

90 2.3 70 1.771 4.6 3.542 

D Zone 140 1.1 (1.0)" 100 1.125 2.0 2.250 

Note 
1 Pumps in the A Zone, B Zone, and A & B Exposition Zones are QED Long AP-4/BL. 

The pump in the D Zone is the QED Long AP-2/BL. 
Refer to QED Long AP-4/BL Performance Curve: 3/4-inch I.D. Discharge with 2 ft of submergence and 
QED Long AP-2/BL Performance Curve: 1/2-inch I.D. Discharge with 10 ft of submergence. 
Air flow is based on the Long AP-4/BL and AP-2/BL Performance Curve. 
The pump average flow of 1.0 gpm obtained from the performance curve is slightly less then the 
1.1 gpm anticipated flow rate from the formation. 
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ESnUATED WELL GftPTURE ZONE FDR 'A' ZONES. 

WATER UNE 

SEWR IME 

OAS UNE 

EXPOSITION ZONE PIPING: 
G R E E N 1 

G R E E N 2 

G R E E N 3 

RED 1 

RED 2 

QW-1 7 WELIS ( M B - 1 TO C M - 7 ) SOUTN TRENCH 

a i l - 2 15 WOLS ( Q W - 8 . D A ^ W - t TO E V O B - ? ) WEST TRENCH 

GW-3 11 WELLS ( ( U / D e - 8 TO OA/De-12. IMr-24-140} E. TRENCH 

VE-1 7 WELiS (QAB-1 TO DAa-7) SOUTH TTIENCH 

V E - 2 15 WELLS (DAB-B, D V D B - 1 TO M / D B - 7 ) WEST TTffiNCH 

NOTES: 
1. THE BASIS FOR DESIGN OF EXPOSmON ZONE WELL SPACING IS 46" 

DOWNGRADIENT RADtUS OF CAPTURE (ROC) AND 146' C R O S S -
GRADIEMT WIQT>1 OF CAPTURE AS MEASURED DURING THE AQUIFER 
PILOT TEST (AQUIFER TECH UEUO. TNAA. MARCH 2002) . 

2 . THE ESTIMATED CAPTURE ZONES ARE INTENDED TO REPRESENT A 
RNFTE DISTANCE IN THE DOWNGRADIENT ANO CROSS-GRADtENT 
DIRECTKW. THE UPGRADIENT CAPTURE ZONE IS TIME DEPENDENT AND 
WILL EVEMTliALLY INCLUDE ALL CONTAMINATED ZONED IDEKnHED IN 
THE LEGEND. 

3 . PLUME BASED ON SAMPLES COLIECTED IN JANUARY 2 0 0 2 . 

4. THE EXPOSmON ZONE 'A' WELL HELD HAS BEEN DESIGNED TO 
INTERCEPT GROUNDWATER FLOWING IN A SOUTHLY DIRECTION BASED 
ON PLUME SHAPE. THE AVERAGE HYDRAULIC GRADIENT IN THE 'A' 
ZONE HAVE RANGED FROM 0 .0043 TO 0.011 FEET PER FOCfT ( F T A T I 
FROM UAY 2001 TD APRIL 2002 . 

5. ADOmONAi. GROUNDWATER OR VAPOR EJORACTXm WELLS UAY BE 
PLACED IN THE > 10,000 u g / L PLUME AREA IN ACCORDANCE WTH 
THE ERH CONTRACTOR'S D K I G N . 

6. WELLS ARE SCREENED THROUGH THE "A" AHO 'B* ZONE OUT SIZE 
THE 100 P P B CONTOUR. 

APPROHMATB S C A U IN FKET 
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ESnUATID WELL CAPTURE ZONE FOR B' ZONES. 

WATER LMC 

SE¥ffR UNE 

GAS UNE 

EXPOSITION ZONE PIPING: 
Q R E E N 1 GW-1 7 WEUS TO 0A8-7) SOUTH TRENCH 

GREEN 2 OW-2 IS WELLS (DAB-6. CM/DB-1 TD tM /DB-7 ) WEST TRENCH 

0 R E E N 3 CW-3 11 WELLS ( M / D B - B TO D f t / D B - M . HW-24-140) E. TRENCH 

RED 1 V€-1 7 WEUS (DAB-1 TD OAfl-7) SOUTH TRENCH 

RED 2 V € - 2 15 WQLS { Q M - i , DA/DB-I TO O f / O B - 7 ) WEST TRENCH 

NOTES: 
1. THE BASIS FOR DESIGN OF EXPOSITION ZONE WELL SPACING IS 4 6 ' 

DOWNGRADIENT RADIUS OF CAPTURE (ROC) AND 14fi ' C R O S S -
GRADIENT WIDTH OF CAPTURE AS MEASURED DURING THE AQUIFER 
PILOT TEST (AQUIFER TECH UEUO. TN*A . UARCH 2002) . 

2. THE ESnUATED CAPTURE ZONES ARE INTENDED TO REPRESENT A 
RNITE DISTANCE IN THE DOWNGRADIENT AND CROSS-GRADIENT 
DIRECTION. THE UPGRADIE^fT CAPTURE ZONE IS TlUE DEPENDENT AND 
WILL EVENTUALLY INCLUDE ALL COWTAUINATED ZONED IDENDRED IN 
THE LEGEND. 

3 . P L U U E BASED OH SAMPLES COLL£CTED IN JANUARY 2 0 0 2 . 
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APPARENT GROUNDWATER FLOW DIRECTIONS FROM UAY 2001 TO 
APRIL 2002 . 
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PLACED IN THE >10.000 
THE ERH CONTRACTOR'S [ 
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REMEDIAL ACTION CONSTRUCTION SCHEDULE - PHASE II 
(Revised 8/1/06) 

PEMACO SUPERFUND SITE 
MAYWOOD. CA 

Tasl< Name Duration Start Finisti JJulv 
23 I 30 [ 7 I 14 I 21 I 26 I 4 I 11 1 IB I 25 I 2 

i August ; September JaniiarY 
16 I 23 I 30 I 6 I 13 I i p T T n 1 3 I 10 I 17 I 24 I 1 1 8 1 15 I 22 I 29 1 5 i 12 I 19 I 26 1 3 I 10 I 17 I 24 I 31 1 7 I 14 I 21 I 28 I 4 I 11 I 16 

Apnl 
11 I 18 I 25 I 1 6 I 15 

12 

13 

IJ 

"15" 

"TS" 
17 

18 

19 

20 

21 

22 

23 

24 

^ 5 " 

"2B" 

"27" 

" M " 

"29 

30 

32 

33 

3J 

'W 
~w 
I T " 

38 

"39" 

42 

43 

45 

"46" 

- f T 
"48" 

-fr 
50 

51 

52 

53 

54 

"55" 

56 

57 

5H 

USACE Approval of Construction Plan 

Notitication of Subs , Labor, & Suppliers 

RA Design Plans, Worit Plans, & HASP 

DTSC Approval of Plans 

Mobilization / Preparation 

Install ERH fence for parte opening 

Move Construction Office, estab utilities 

Move tools and parts to site 

ERH SUBCONTRACTOR WORK 

Design Plans, Wor1< Plans, Permits 

DTSC Approva\ of Plans 

Install/Sample Ttiermocouples Wells 

Dniling and Electrode Install 

Surface Installation and Start-Up tests 

ERH Eteclrical Installation 

Lead Time For SCE Equip. 

Lead Time for Sub. Vault Equip 

Eartbworit - trenchs, vault excavation 

Install vaults and conduit 

S C E install meter, trans, pull wire 

Treatment Cmpd. Earthwork & Concrele 

Lead Time • Structural Stamp & Plan Approval 

Plan Approval 

Construction/geoptiysical sun/ey & staking 

Subgrade material test 

Mob., excavate, compact, test subgrade 

Forms, steel reinfon:ement, subslab conduit 

Pour Ckjncrete & finish surface 

Concrete cure 

Metal Building Erection 

Lead Time For Metal Febricatkjn 

Mob. parts, equip , latjor 

Building erection 

Interior walls, vents, parlition 

Misc. tiardware, punctilisi, and correction 

City/seismic irispections 

Groundwater and Condensate Sump Install 

Construction Measure and staking. 

GW & Cond sump earthwork 

GW & Cond sump build/install 

Surface vault completions 

Install GW pumps and comp\e\e wellheads 

Facilities & Treatment Equipment Installation 

FTO Purchase Lead Time 

Subcontractor Bid Package/contractirig 

Work Plans and Equipment Procurement 

Deliver & Install FTO 

Deliver/Install Treatment Equipment 

Intemal & extemal electrical, lighting. PLC 

Connect/Plumb treatment equip. 

Punchlist, QC. corrections 

City/seismic inspections 

StartHip Operation and Testing 

MPE and GW System Star1-up, line balancing 

Effluent sampling and analysis, rapid TAT 

Begin baseline O&M & troubleshoot 

Optimizabon and improvement 

RPM demonstration 

Upgrades and improvements 

ERH start-up and effluent testing 

Begin continuous full scale O&M 

City Facility Tour and Demonstration 

1 day 

14 days 

30 days 

23 days 

53 days 

2 days 

3 days 

2 days 

205 days 

55 days 

30 days 

17 days 

45 days 

65 days 

29 days 

25 days 

10 days 

10 days 

5 days 

4 days 

88 days 

45 days 

3 days 

1 day 

2 days 

5 days 

8 days 

3 days 

5 days 

61 days 

22 days 

2 days 

20 days 

10 days 

8 days 

1 day 

30 days 

1 day 

1 day 

15 days 

9 days 

28 days 

148 days 

101 days 

55 days 

41 days 

2 days 

21 days 

10 days 

35 days 

9 days 

1 day 

89 days 

22 days 

15 days 

6 days 

10 days 

1 day 

5 days 

14 days 

11 days 

4 days 

Mon 5/15/06 

Tue 5/16/06 

Mon 5/15/06 

Mon 6/26/06 

Mon 5/29/06 

Mon 5/29/06 

Mon 8/7/06 

Mon 8/7/06 

Mon 5/15/06 

Mon 5/15/06 

Mon 7/31/06 

Mon 9/18/06 

Wed 10/11/06 

Mon 11/27/06 

Man 5122/06 

Mon 5/22/06 

Mon 5/22/06 

Mon 6/5/06 

Mon 6/19/06 

Mon 6/26/06 

Mon 5/8/06 

Mon 5/8/06 

Mon 7/10/06 

Fri 7/7/06 

Mori 8/7/06 

Mori 8/7/06 

Mon 8/14/06 

Mon 8/28/06 

Thu 8/31/06 

Thu 8/10/06 

Thu 8/10/06 

Tue 9/5/06 

Mon 9/11/06 

Mon 10/9/06 

Mon 10/23/06 

Thu 11/2/06 

Mon 8/28/06 

Mon 8/28/06 

Tue 8/29/06 

Wed 8/30/06 

Wed 9/20/06 

Wed 8/30/06 

Mon 5/8/06 

Mon 5/8/06 

Mon 5/8/06 

Mon 7/24/06 

Mon 10/16/06 

Tue 9/19/06 

Mon 10/16/06 

Mon 10/2/06 

Fri 11/17/06 

Wed 11/29/06 

Thu 11/30/08 

Thu 11/30/06 

Tue 1/2/07 

Tue 1/23/07 

Wed 1/31/07 

Wed 2/14/07 

Thu 2/15/07 

Thu 2/22/07 

Wed 3/14/07 

Thu 3/29/07 

Mon 5/15/06 

Fn6/2A)6 

Fn 6/23/06 

Wed 7/26/06 

Wed B/9/06 

Tue 5/30/06 

Wed 8/9/06 

T U B 8/8/06 

Fri 2/23/07 

Fri 7/28/06 

Fri 9/8/06 

Tue 10/10/06 

Tue 12/12/06 

Fri 2/23/07 

Thu 6/29/06 

Fri 6/23/06 

Fri 6/2/06 

Fn 6/16/06 

Fh 6/23/06 

Thu 6/29/06 

Wed 9/6/06 

Fri 7/7/06 

Wed 7/12/06 

Fri 7/7/06 

Tue 8/8/06 

Fri 8/11/06 

Wed 8/23/06 

Wed 8/30/06 

Wed 9/6/06 

Thu 11/2/06 

Fn 9/8/06 

Wed 9/6/06 

Fri 10/6/06 

Fri 10/20/06 

Wed 11/1/06 

Thu 11/2/06 

Fri 10/6/06 

Mori 8/28/06 

Tue 8/29/06 

Tue 9/19/06 

Mon 10/2/06 

Fn 10/6/06 

Wed 11/29/06 

Mon 9/25/06 

Fri 7/21/06 

Mon 9/18/06 

Tue 10/17/06 

Tue 10/17/06 

Fri 10/27/06 

Fri 11/17/06 

Wed 11/29/06 

Wed 11/29/06 

Tue 4/3/07 

Fri 12/29/06 

Mon 1/22/07 

Tue 1/30/07 

Tue 2/13/07 

Wed 2/14/07 

Wed 2/21/07 

Tue 3/13/07 

Wed 3/28/07 

Tue 4/3/07 

Pemaco Superfund Site 
Remedial Actkrn 
Draft Schedule: 5-04-06 

Task { Split Progress 

Note: 
1. The latest schedule was updated on August 1. 2006. 
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APPENDIX A 
Design Specifications (See Volume II) 



APPENDIX B 
Soil Cover Data 



EROSION CONTROL CALCULATION 

PEMACO SUPERFUND SITE 

Purpose 

The following calculation determines the average annual erosion of the vegetated soil 
layer of the final closure cover at the site. In addition, the calculation determines the 
number of years which would be required to fully erode the vegetated soil layer if no cap 
maintenance was provided. 

Procedure 

The average soil loss per year was estimated using the Universal Soil Loss Equation 
(USLE), an empirical equation developed by the U.S. Department of Agriculture for use 
in determining soil loss at both agricultural and construction sites. The parameters of this 
equation were determined by referencing the manual "Predicting Rainfall Erosion 
Losses," by the U.S. Department of Agriculture, published in 1978 as discussed below. 

The universal soil loss equation is: 

A=RKLSCP 

Where: 

A is the average annual soil loss per unit area, expressed in units of tons per 
acre per year. 

R is the rainfall and runoff factor, which is based upon the number of rainfall 
erosion index units, plus a factor for runoff from snowmelt or applied water where 
such a runoff is significant. The erosion index factor is defined as the product of 
the storm energy and the maximum thirty minute storm intensity for a particular 
storm event. An R-value of 50 was used for Los Angeles, California as 
determined from Figure 1 of the USDA manual "Predicting Rainfall Erosion 
Losses." 

K is the soil erodibility factor which is the soil loss rate per erosion index unit for a 
specified soil as measured on a unit plot, which is defined as a 72.6-foot length of 
uniform 9 percent slope continuously in clean-tilled fallow. A K-value of 0.48 was 
used for the Pemaco Site. This value was based on the assumption that a silt-
ioam, or equivalent soil, will be used for the topsoil in the final cover at the site. 
Because the source of the final soil cover has not yet been determined, the 
greatest K value, which was not evaluated for continuous fallow was used in the 
calculation to provide a conservative estimate of overall erosion. 

L is the slope-length factor which is the ratio of soil loss from the field slope 
length to that from a 72.6 foot length under identical conditions. S is the slope-
steepness factor, which is the ratio of soil loss from the field slope gradient to that 
of the 9% slope under otherwise identical conditions. The product of the slope-
length and slope-steepness factors were evaluated as one factor based on data 
available in the USDA manual "Predicting Rainfall Erosion Losses." A slope 
length and steepness factor (LS) of 0.2375 was estimated based on a slope of 



2% and a maximum length of 175 feet (average cross-gradient width of the 
Pemaco Site.) 

• C is the cover and management factor, which is the ratio of soil loss from an area 
with specified cover and management to that from an identical area in tilled 
continuous fallow. A cover management value for pasture land was estimated as 
0.003 based on the assumption that a grass cover will be maintained over 100 
percent of the capping surface and no appreciable vegetative canopy will 
develop. 

• P is the support practice factor, which is the ratio of soil loss with a support 
practice like contouring, strip cropping, or terracing to that with a straight row 
farm up and down. A P-value of 0.6 was estimated for the Pemaco Site based on 
a slope of 2% and a length of less than 400 feet. 

Numerical values for each of the six factors which determine the soil loss were derived 
from analyses of assembled research data and from the National Weather Service 
precipitation records. Charts and tables for determining the value of each of the six 
factors were obtained from the manual "Predicting Rainfall Erosion Losses" published by 
the U.S. Department of Agriculture in December 1978. 

Results 

The average annual loss of vegetated soil from the capped site was estimated to be 
0.01026 tons/acre/year (20.52 Ib/acre/year). The results of the USLE were evaluated 
based on the number of years required to completely erode the topsoil layer from the 
final closure cover at the Pemaco Site. The number of years required to completely 
erode the 1 -foot vegetated soil layer of the soil closure cover at the Pemaco Site was 
determined by dividing the total mass of soil in the top soil layer per acre by the average 
annual soil erosion. A calculated value of 220,176 years would be required to completely 
erode the topsoil layer at the site. 

The magnitude of this estimate indicates that natural soil erosion will not be a significant 
maintenance concern at the site. 



3904 Virginia Ave • Cincinnati, Ohio 45227 • Phone (513) 271-6000 • Fax (513) 271-4420 

To: TN & Associates Inc. March 21,2005 
Attn: Pamela 
Fax: (805)585-2111 
From: Chuck Fedders 
Re: Comparison of US 160NW to Amoco Propex 4551 

Pamela, 

Here is a brief comparison between US 160NW and Amoco 4551. These values are taken from the 2004 GFR 
(Geotechnical Fabric Report) and / or current manufacturer data sheets, which report MARV (Minimum Average 
Roll Values). The US 160NW and Amoco 4551 are nonwoven, needlepunched fabrics. US 160NW will satisfy 
the requirements of AASHTO Class 2. 

Property Test Method 160NW 4551 
Tensile Strength ASTM D-4632 160 lbs 160 lbs 

Elongation @ Break ASTM D-4632 50% 50% 

Puncture Strength ASTM D-4833 85 lbs 90 lbs 

Trapezoidal Tear ASTM D-4533 60 lbs 65 lbs 

Apparent Opening Size ASTM D-4751 80 US Sieve 70 US Sieve 

Permittivity A S T M D-4491 1.3 Sec ' 1.5 Sec ' 

UV Resistance, % Retained ASTM D-4355 70% 70% 

As you can see, US 160NW is a fimctional equivalent to the specified material Amoco 4551. Additionally, 
US 160NW vrill satisfy the requirements of AASHTO M-28S 00 Class 2 requirements as well as AHTD Type 8. 
Per this comparison we-request you approve the US 160NW Nonwoven Fabric for inclusion in this p-oject. 

Please call me with any question^ou have. 

Si 
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To: TN & Associates Inc. March 21,2005 
Attn: Pamela 
Fax: (805)585-2111 
From: Chuck Fedders 

Re: US 115NW Nonwoven 4.0 oz/sy Vs Amoco 4546 Nonwoven 

Pamela, 

Here is a brief comparison between US 115NW and Amoco 4546. These values are taken from the 2005 GFR 
(Geotechnical Fabric Report) and / or current manufacturer data sheets, which report MARV (Minimum Average 
Roll Values). The US 115NW and the Amoco 4546 are nonwoven, needlepunched fabrics. US 115NW will 
satisfy the requirements of AASHTO M 288-96/00 Class 3. 

Property Test Method 115NW 4546 
Tensile Strength ASTM D-4632 115 lbs 100 lbs 

Elongation @ Break ASTM D-4632 50% 50% 

Puncture Strength ASTM D-4833 65 lbs 65 lbs 

Mullen Burst ASTM D-3786 210 psi 225 psi 

Trapezoidal Tear ASTM D-4533 50 lbs 45 lbs 

Apparent Opening Size ASTM D-4751 70 US Sieve 70 US Sieve 

Permittivity A S T M D-4491 2.0 Sec ' 2.0 Sec ' 

UV Resistance, % Retained ASTM D-4355 70% 70% 

As you can see, US 115NW is a fimctional equivalent to the specified material Amoco 4546. Per this comparison 
we request you approve the US 115NW Nonwoven Fabric for inclusion in this project. 

Please call me with any question you have. 

Sincerely, 

^ ^ h u c k Fedders 



3904 Virginia Ave • Cincinnati, Ohio 45227 • Phone (513) 271-6000 • Fax (513) 271-4420 

To: TN & Associates Inc. March 21,2005 
Attn: Pamela 
Fax: (805)585-2111 
From: Chuck Fedders 

Re: US 90NW Nonwoven 3.5 oz/sy Vs Amoco 4545 Nonwoven 

Pamela, 

Here is a brief comparison between US 90NW and Amoco 4545. These values are taken from the 2002 GFR 
(Geotechnical Fabric Report) and / or current manufacturer data sheets, which report MARV (Minimum Average 
Roll Values). The US 90NW and the Amoco 4545 are nonwoven, needlepunched fabrics. Additionally, 

Property Test Method US 90 4545 
Tensile Strength ASTM D-4632 90 lbs 90 lbs 

Elongation @ Break ASTM D-4632 50% 50% 

Puncture Strength ASTM D-4833 55 lbs 50 lbs 

Mullen Burst ASTM D-3786 185 psi 185 psi 

Trapezoidal Tear ASTM D-4533 35 lbs 40 lbs 

Apparent Opening Size ASTM D-4751 70 US Sieve 70 US Sieve 

Permittivity A S T M D-4491 2.0 Sec ' 2.10 Sec ' 

UV Resistance, % Retained ASTM D-4355 70% 70% 

As you can see, US 90NW is a functional equivalent to the specified materialAmoco 4545. Per this comparison 
we request you approve the US 90NW Nonwoven Fabric for inclusion in this project. 

Please call me with any question you have. 
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STANDARD OPERATING PRACTICE TNFLD008D 

Monitoring and Extraction Well Installation and Development 

1.0 INTRODUCTION 

The purpose of TNFLD008D is to describe procedural guidelines for the design, installation, 
and construction of groundwater monitoring and extraction wells to be completed in water
bearing geologic materials. This document also provides procedures for well development. 
Site-specific procedures will depend on project objectives, geologic conditions, and appropriate 
state and federal regulations and standards. 

2.0 MONITORING AND EXTRACTION WELL INSTALLATION 

2.1 OBJECTIVE 

Monitoring wells are installed to provide information regarding site hydrogeology and 
groundwater quality. TN&A will design, install, and construct monitoring wells so they are: (1) 
adequately sealed to prevent surface contamination or cross contamination between aquifers; 
(2) capable of yielding high quality groundwater samples representative of true water quality; 
(3) adequately protected from vehicles or other traffic; and (4) in compliance with applicable 
state and federal regulations. Extraction wells at remedial sites may also be used for 
groimdwater quality monitoring and should, therefore, be installed with the same care as 
monitoring wells. 

The procedures set forth in this section apply to all personnel who are responsible, both 
directly and indirectly, for design of monitoring well systems, oversight of drilling and 
construction operations, and evaluation of the suitability and reliability of monitoring wells 
and data and measurements obtained from monitoring wells. 

2.2 QUALIFICATIONS 

All drilling persormel must meet all applicable Occupational Safety and Health Administration 
(OSHA) requirements. The supervising geologist, engineer, or hydrogeologist must be fully 
knowledgeable and experienced with state and federal requirements/regulations for 
groundwater monitoring programs. 

2.3 PROCEDURES 

Various drilling methods are described in TNFLD007A. Well design and construction elements 
are described in the project Sampling and Analysis Plan (SAP) or equivalent document. The 
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drilling methods, well design, and well construction will adhere to the criteria and 
methodologies presented in the SAP. The proposed well design will be based on existing 
geologic and groundwater elevation data from previous investigations, if available. All 
equipment, well materials, and tools that will enter the borehole must be decontaminated 
before borehole entry and will remain clean until installed in the borehole. If needed, they will 
be steam-cleaned. Well materials that are cleaned and wrapped by the manufacturer do not 
need to be cleaned unless the factory wrap is damaged or the materials show signs of staining. 

2.3.1 WeU Design Specifications 

WeU Screen 

Well screen materials for monitoring wells will be selected depending upon the knovm or 
suspected chemical contaminants at the site, and so that the completed monitoring well 
provides data meeting the project data quality objectives (DQOs). Extraction well screening 
should further meet the objective of a functional pumping well. The screen slot size will be 
determined to maintain compatibility with the aquifer and filter pack material. In general, the 
screen will be sized to retain over 90 percent of the filter pack and be either factory-slotted or 
continuous wrap design. Well screen materials will be of the same diameter and strength 
material as the well riser and will be a non-contaminating material that is compatible with the 
anticipated or known groundwater chemistry and/or contaminants at the well site. No glues, 
adhesives, lead shot, or lead wool will be used to cormect the riser sections or screen. No field 
slotted screens will be permitted (e.g., machined in the field). 

Filter Pack 
Filter pack material will be clean, washed, well-rovmded silica sand sized to perform as a filter 
between the formation material and the well screen. The filter pack gradation shall have a 
uniformity coefficient (Cu) of not more than 2.5 and shall be sized so that the well screen will 
retain 90 percent of the material. A grain size distribution curve for the filter pack materials 
used at each site will be included with the submittal of well construction diagrams (selected 
filter pack gradations for existing monitoring wells will be also taken into account). 

If a pertinent grain-size distribution curve is available for a particular site or monitoring well, 
then the following procedure will be used to design a filter pack. 

1. Multiply the D30 size (from the grain-size distribution graph) by a factor of four to 
nine (Pack-Aquifer ratio). A factor of four is used if the formation is fine-grained 
and uniform (Cu is less than 3), six if it is coarse-grained and non-uniform, and up 
to nine if it is highly non-uniform and contains silt. Head losses through filter packs 
increase as the Pack-Aquifer (P-A) ratios decrease. In order to design a fairly stable 
filter pack with a minimum head loss, the D30 size will be multiplied by a factor of 
four. 

T N & Associates 
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2. Plot the point from step 1 on the 30 percent abscissa of a grain-size distribution 
graph and draw a smooth curve with a uniformity coefficient of approximately 2.5. 

3. A curve for the permissible limits of the filter pack is drawn plus or minus 8 percent 
of the desired curve with the Cu of less than 2.5. The appropriate-sized filter pack 
can then be chosen from the grain-size distribution curves of various filter packs. 

4. Select the slot openings for the well screen that will retain 90 percent or more of the 
filter packs. 

This design will be based on the gradation of the finest aquifer materials anticipated to be 
affected by the screened part of the monitoring wells (USEPA, 1996). 

If no pertinent grain-size distributions curves are available, then 0.010-inch slotted or 
continuous wrapped screen will be used with appropriate sized filter pack material in 
accordance with the following table adapted from ASTM D 5092-90 (ASTM, 1990). 

Size of Screen 
opening, mm (in.) 

Slot No. Sand Pack 
Mesh Size 
Name(s) 

1% Passing 
Size (D-1), 
mm 

Effective 
Size (D-10), 
mm 

30% Passing 
Size (D-30), 
mm 

0.125 (0.005) 5 100 0.09 to 0.12 0.14 to 0.17 0.17 to 0.21 

0.25 (0.010) 10 16 to 40 0.25 to 0.35 0.4 to 0.5 0.5 to 0.6 

0.50 (0.020) 20 10 to 20 0.7 to 0.9 1.0 to 1.2 1.2 to 1.5 

0.75 (0.030) 30 10 to 20 0.7 to 0.9 1.0 to 1.2 1.2 to 1.5 

1.0 (0.040) 40 8 to 12 1.2 to 1.4 1.6 to 1.8 1.7 to 2.0 

1.5 (0.060) 60 6 to 9 1.5 to 1.8 1.7 to 2.0 2.5 to 3.0 

2.0 (0.080) 80 4 to 8 2.0 to 2.4 2.4 to 3.0 2.6 to 3.1 

In addition to the primary filter pack installed along the screened interval of the morutoring 
well, a secondary filter pack consisting of finer material will be installed to prevent bentonite 
pellets from commingling with the primary filter pack. This is discussed further in Section 
2.4.1. 

WeU Riser 

Well riser (casing) will consist of new material with threaded, flush joints. The riser material 
will be of the same diameter and strength material as the well screen and will be a non-
contaminating material that is compatible with the anticipated or known ground water 
chemistry and/or contaminants at the well site. If PVC pipe is used, PVC pipe will bear 
markings identifying the material as that specified and will carry the seal of the National 
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Sanitation Foundation and will, as a minimum, conform to the requirements of ASTM F 480-
81/SDR 13.5. Schedule 40 PVC is acceptable for wells less tiian 100 feet deep and Schedule 80 is 
recommended for wells greater than 100 feet deep. Unless noted in the site-specific work plans, 
monitoring wells will be nominal 2-inch inside diameter. Riser sections will be joined by 
threaded, flush-joint couplings. No adhesives or other sealing materials will be used. 

WeU Plumbness and Alignment 

Al l risers shall be set round, plumb, and true to line. Centralizers may be required for deep 
wells or wells being installed in caving material. To verify plumbness and aligrunent, a ten-foot 
section of pipe will be run through the entire length of the well. The pipe shall be 
decontaminated between well in accordance with TNFLDOllA. String or rope used to lower 
the pipe will be discarded in between each well. 

Bentonite Seal 

A minimum 2-feet thick bentorute seal will be tremied into place above the filter pack seal. The 
bentonite seal will be composed of commercially manufactured sodium bentonite pellets, 
which do not exceed 0.25-inch diameter. Clean, potable water will be used to hydrate the 
bentonite (minimum 4-hours of hydration), as discussed in Section 2.4.1 of this SOP. 

Annular Seal 

Cement grout will be placed above the bentonite seal to the ground surface. The cement grout 
will consist of a mixture of Portland cement (ASTM C 150) and water in the proportion of 
approximately six to seven gallons of approved water per bag of cement (94 povmds). In 
addition, 3 to 5 percent by weight of sodium bentonite powder will be added. The minimum 
acceptable grout weight will be 14 pounds per gallon (lbs/gal). The cement grout weight will be 
determined using a mud balance. Water may be added to the mix in small amoimts, at the 
discretion of the field geologist, to increase viscosity as necessary. The following table provides 
specifications for various grout slurry densities. 
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Grout Slurry Densities 

Percentage 
Bentonite 

Water ratio Minimum density 
[pounds per gallon] 

Volume 
(ftVsack) 

2 6.0 gal/sack of cement 14.7 1.36 

3 6.5 gal/sack of cement 14.4 1.45 

4 7.2 gal/sack of cement 14.1 1.55 

5 7.8 gal/sack of cement 13.8 1.64 

Well Protection 

At all times during the process of well installation, precautions will be taken to prevent 
tampering with the well or the entrance of foreign material into the well. Run-off, surface soil 
or objects (tools, etc.) will be prevented from entering the borehole as the well installation is 
performed. The wells will be secured at the surface with a stand-up protector pipe or traffic-
rated flush mounted well vault equipped with a lock. For wells completed with stand-up pipe 
in high vehicle traffic areas or areas where well damage could occur due to site activities, 
brightly painted steel bollards (minimum of three) will be placed arovmd the completed well. 

2.4 BOREHOLE COMPLETION 

Procedures for the drilling and advancement of soil borings are presented in TNFLD007B and 
007D. Drilling techniques employed must minimize disturbance of subsurface samples and 
must not introduce contamination to the subsurface or allow contaminants within the shaUow 
hydrogeologic units (if any) to migrate to deeper units. 

2.4.1 Well Construction 

At all times during the progress of the work, precautions will be taken to prevent tampering 
with the well or entry of foreign materials. Measures will be taken to rxm-off from entering the 
well during construction. Prior to well construction, the borehole will be sounded. In 
competent bedrock, the borehole may be pumped to remove drilling fluid, cuttings, and fine 
particles resulting from the drilling. Ideally, a stabilized water level will be attained in the 
borehole prior to well installation. 

The casing/screen assembly will be installed as follows: 

• Prior to installation of the casing and screen, the lengths and diameters of all components 
(including the bottom plug or cap) will be measured and recorded on the casing/well 
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screen tally form. The casing riser and screen assembly will be installed round, plumb, and 
true to line. 

A bottom plug will be attached to the bottom of the screened section. 

Approximately six inches of filter pack sand will be placed in the bottom of the well boring. 

The well screen will be cormected to the riser sections of the casing assembly. For wells 
intended to monitor the upper surficial aquifer near the water table, the well screen will be 
installed so as to straddle the free water surface, extending both above and below the water 
table to accommodate seasonal or other variations in its elevation. In all cases, the top of the 
screen will be located at least 2-feet below the base of the dovm-hole seal. 

For wells installed to depths exceeding 40-feet, centralizers will be placed at locations just 
above the screen and above the location of the bentonite seal. The centralizers will be 
placed at 30-foot intervals along the riser casing. Centralizers will not be used if their 
installation prevents the placement of the annular materials. 

Well risers will extend between 2- and 2.5-feet above the ground surface. If a flush finish 
completion is conducted, the placement of annular materials will be done in such a way 
that the inside of the well casing is protected. 

The primary filter pack will be placed in the armulus between the well material and 
borehole using a tremie pipe, starting wdth the tremie at the bottom of the borehole and 
working the tremie upward as the filter pack is installed. If necessary, potable water may 
be used to aid tremie installation. The drill casing will be raised incrementally during the 
installation of the filter pack to prevent bridging. Attempts will be made to keep the bottom 
of the drill casing below the top of the filter pack during installation. The level of the top of 
the filter pack in the annulus will be verified by tag-line measurement during all phases of 
installment. 

Prior to completion of filter pack installation, the well may be pre-developed using a surge 
block and/or bailer to allow the filter pack to settle. 

The filter pack will extend at least two feet above the top of the screen. A secondary fine
grained filter pack will be installed using a tremie pipe if bentonite slurry seals are used for 
well construction. The secondary fine grain filter pack will have a minimum thickness of 
one foot above the primary filter pack. The volume of the installed filter pack will be 
compared with the annular volume to verify proper placement of the filter pack. Material 
accounting will be recorded in the field book as will the volume of potable water used (if 
any). 

A bentonite seal will be placed immediately above the filter pack. At a minimum, either a 3-
foot thick granular bentonite seal or a minimum 4-foot thick bentonite slurry seal will be 
used. Bentonite slurry mixtures will be composed of calcium bentonite with a high solids 
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content, unless otherwise specified. The density of the recommended bentonite slurry will 
be confirmed with a mud scale. Pouring of the granular bentonite is acceptable for 
boreholes less than 50-feet deep where the annular space is large enough to limit the 
potential for bridging and to allow measurements to insure that the granular bentonite has 
been placed at proper intervals. For depths greater than 50-feet, the granular bentonite and 
the bentonite slurry will be installed through a tremie pipe. The level of the top of the 
bentorute seal will be verified by tag-line measurement prior to grouting. The bottom of the 
drill casing will be left in the borehole as close as possible above the bentorute seal. 
Granular bentonite seals will hydrate a minimum of 4-hours. 

• For depths greater than 50-feet, the borehole is to be pressure-grouted using a side-
discharging tremie pipe that is maintained 3-feet above the bentonite seal and will be used 
to slowly install the cement/bentonite grout mixture. The drill casing will be pulled 
incrementally during the grouting procedures to limit borehole collapse. Grout will be 
pumped into the armulus through the tremie pipe until undiluted grout flows from the 
borehole at the ground surface. The grout will be allowed to cure for at least 12-hours prior 
to development. After 12-hours, the depth of the grout will be checked. If it has collapsed 
more than 10-percent of the well depth, the well will be checked for sovmdness. The 
armulus will be refilled with grout to the desired depth. 

2.4.2 Double-Cased WeUs 

Secondary (outer) casings will be installed in the borehole when drilling a monitoring well that 
will be installed at depths below relatively impermeable (confining) layers or below depths of 
known contamination. The purpose of the surface casing is to prevent cross-contamination 
between two aquifer zones and/or, when flowing sands make it impossible to install a 
monitoring well using conventional methods, to properly install the monitoring well to the 
desired depth. There are several methods available to accomplish double casing of weUs. The 
following paragraphs present one commonly used method. 

A pilot borehole will be drilled and the surface casing installed to slightly below the knovm 
depth of contamination or a minimum of 2 feet into the confining layer. The diameter of the 
surface casing will be sufficient to contain the irmer casing and a 2-inch annular space. The 
material of the surface casing may vary (PVC or carbon steel), but it will be chemically inert 
and able to withstand potential chemical degradation and any forces exerted on the casing 
during its installation and the monitoring well construction. 

The outer casing will be grouted by the tremie method from the bottom to within 2 feet of the 
ground surface. The grout will be pumped into the annular space between the outer casing and 
the borehole wall. This will be accomplished by either placing the tremie tube in the annular 
space and pumping the grout from the bottom of the borehole to the surface; or placing a grout 
shoe or plug inside the casing at the bottom of the borehole and pumping the grout through 
the bottom grout plug and up the armular space on the outside of the casing. If the outer casing 
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is set into very tight clay, both of the above methods may have to be used, because the clay 
usually forms a tight seal in the bottom and around the outside of the casing preventing grout 
from flowing freely during grout injection. A minimum of 24 hours will be allowed for the 
grout seal to cure before attempting to drill through it. The grout mixture used to seal the outer 
annular space will be a neat cement mixture of one 94-lb bag of Type I Portland Cement, 4 
pounds of bentonite powder, and no more than 8 gallons of water. 

When drilling through the seal, care will be taken to avoid cracking, shattering, and/or washing 
out the seal. If caving conditions exist such that the outer casing cannot be sufficiently sealed 
by grouting, the outer casing will be driven into place and a grout seal placed in the bottom of 
the casing. The boring will be advanced through the surface casing to the target depth for 
monitoring well installation. The monitoring well will be installed in accordance with the 
methods presented in Section 2.2.3. The borehole beneath the surface casing will be of 
sufficient diameter to maintain a 2-inch armular space between the monitoring well and the 
borehole well. Removal of outer casings, which are sometimes referred to as temporary surface 
casings, after the well screens and casings have been installed and grouted is not acceptable. 
Attempting to remove outer surface casings after the irmer casing has been grouted could 
jeopardize the structural integrity of the well. 

2.4.3 Temporary Casing Method Using Rotosonic Drilling Techniques 

Rotosonic drilling techniques allow for the construction of monitoring wells through a 
temporary casing advanced during borehole advancement. The outer casing (to 12-inches in 
diameter) will be advanced dowm past the upper aquifer while a bentonite grout mixture is 
being pumped under pressure into the small annular space between the borehole wall and the 
outside of the casing. 

2.4.4 WeU Head Completion 

The following well head completion procedures will be followed: 

1. Grout to within five feet of the ground surface. 

2. Wait a minimum 12-hours prior to well head completion. 

3. Place a two-foot layer of fine sand above the grout. 

4. Install the stand-up protector pipe (protector pipe size must be at least 2-inches 
larger in diameter than the well casing) over the well casing. 

5. Place concrete between the borehole and stand-up protector pipe casing to a depth 
of 6-inches beneath the ground surface for installation of the concrete pad. 
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The protective casing will be provided with a (vented) locking cap and a brass padlock. All 
locks used at an individual site will be keyed alike. Duplicate keys will be made available to the 
client. 

A minimimi of a 3-foot by 3-foot by 6-inch-thick concrete pad, sloped away from the well, will 
be constructed around the monitoring well with the top outer edge at the final ground 
elevation. At locations where vehicular traffic is likely, the concrete pad will be reinforced with 
reinforcement wire or rebar. In trafficked areas, three or four three-inch diameter or larger 
concrete-filled steel posts (bollards), brightly painted, will be equally spaced around the well 
and cemented in place around the concrete pad. The base of these posts shall extend two feet 
bgs and be approximately three feet tall. After the well is installed, the area will be cleaned and 
all discarded material will be properly disposed. 

2.4.5 Documentation and Recording 

A well construction form will be completed for each well. The well construction form will 
include an accurate hand-drawn "as built" diagram of each well. The following information 
will be recorded on the form: 

• Project and site names, well number, and the total depth of the completed well; 

• Depth of any grouting or sealing, and the amount of cement and/or bentonite used, and the 
total borehole depth and elevation; 

• Depth, elevation, and type of well casing; 

• Installation date or dates, and name of the driller, drilling company, and the geologist 
installing the well; 

• Al l pertinent construction details of monitoring wells, such as depth to and description of 
all armular fill materials; gradation of filter packs; length, location (depth and elevation), 
diameter, slot size, material, and manufacturer of well casing and screen; position of 
centralizers; and location of any blank pipe or intermediate casing installed in the well; 

• Description of surface completion, including protective steel casing, protective pipes, and 
concrete surface seal; and 

• Surveyed coordinates and elevation of top of ground and top of well riser. The accuracy of 
the survey points will be in accordance with TNFLD004A. 

A discussion of information to include in the boring logs is presented in TNFLD007B. All 
original well record forms, field report forms, and geologic logs will be maintained in the 
project file. 
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3.0 WELL DEVELOPMENT 

3.1 OBJECTIVE 

The primary objective of installing a monitoring well at a site is to collect a groundwater 
sample that is representative of the quality of groundwater surrounding the well. Well 
development is an important component of monitoring well completion. Monitoring wells will 
be sufficiently developed to ensure that they meet their intended data quality objectives. The 
purposes of well development are the following: 

• Assure that groundwater enters the well screen freely and at ambient velocities, thus 
yielding a representative groundwater sample and an accurate fluid level measurement; 

• Remove all water and drilling additives that may have been introduced into the borehole 
and formation during drilling and installation activities; 

• Break up fine materials that may have been smeared along the borehole wall during 
drilling; and 

• Remove fine-grained sediments entrained in the filter pack and within the well itself so that 
groundwater samples have minimal turbidity and excessive silting of the well does not 
occur. 

The criteria that will be utilized to evaluate whether these objectives have been met are 
presented in Section 3.3. 

3.2 PROCEDURES 

3.2.1 General 
Well development will be completed no sooner than 24 hours after the grouting is completed. 
Well development may be performed using a downhole pump, peristaltic pump, bailer and/or 
surge block. Different equipment may be used sequentially to accomplish well development 
(e.g., surge block then pump). The water level and thickness of sediment in the well will be 
measured and recorded in the field logbook prior to development, as discussed below. Any 
instrumentation or equipment inserted into the well will be properly decontaminated in 
accordance with TN&A SOP Oil A. Downhole tubing will be dedicated to the well imtil 
development has been completed at which time the tubing will be discarded. 

Before beginning development of a well, place plastic sheeting on the ground around the well 
head. Open the well cap and obtain an organic vapor reading using a photoionization detector 
(PID) or comparable equipment. The purpose of the orgaruc vapor reading is to provide 
important health and safety and water quality information. 
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3.2.2 Well Development Using a Bailer 

A bailer may be used to remove accumulated sediment from the bottom of the well as a first 
step in well development. A slight surging action may help to mobilize the sediment so that it 
can be more easily removed. 

If a well is slow to recharge such that use of a submersible pump is impracticable, then a bailer 
may be used to complete well development. This change in well development procedures must 
be approved by the TN&A Project Manager. 

3.2.3 Surging 

A surge block may be used to create a surging action for short periods of time to help break up 
or loosen the sediment that entered the well. A bailer or pump may be used to remove the silty 
water that results from surging. The surge block will be composed of inert material that will 
not affect the water quality in the well. The diameter of the surge block will be 0.125 to 0.25 
inches smaller than the inside diameter of the well. 

Make sure that the block can move freely up and down the inside of the well without 
obstructions. The vertical action of the surge block will be accomplished either manually or 
mechanically with drill rods or wireline. 

Care will be taken in the length of the strokes, the velocity of the up and down movement, and 
the duration of each surge block cycle. Surging can be detrimental to the well integrity if 
performed too vigorously. 

NOTE: Surging can increase turbidity in wells constructed in fine-grained aquifers and should 
be used with caution or should not be performed at all (Paul et al, 1988). Detailed discussions 
are presented in AUer (1991) and ASTM D 5512 (1994); responsible personnel will review these 
discussions before beginning well development with the surge block method in wells 
completed in fine-grained media. 

3.2.4 Overpumping 

Following the removal of suspended sand-sized sediment, the well development process will 
include overpumping the well with the submersible bladder pump. In overpumping, the pump 
is operated at a capacity that substantially exceeds the yield of the formation (i.e., the capacity 
of the formation to deliver water to the well). This flow velocity well exceeds the flow velocity 
that will be induced during the purging process of well sampling. 

3.3 WELL DEVELOPMENT CRITERIA 

During development, measure field parameters and turbidity approximately once every well 
volume removed (or as practicable) once the water has begun to clear. 
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If well development is by over-pumping, field parameters will be measured in a flow-through 
cell attached to the pump outflow tubing. If development is by bailer, field parameters can be 
measured dovm-hole, except for turbidity, which will be measured at the surface. (Note: field 
parameters measured in water dumped from a bailer into an open bucket will have little 
validity due to agitation and exposure to atmospheric conditions.) Field parameters will be 
measured in accordance with TN&A SOP No. 005A. Continue well development until the 
following criteria have been met: 

• Three times the volume of water lost to formation during drilling has been purged from the 
well; 

• Field parameters have stabilized for three consecutive measurements. Typical field 
parameter stabilization criteria include: 

pH ±0.2pHuruts 

Temperature less than 10% change 

Specific Conductance less than 10% change 

Dissolved Oxygen ± 0.2 mg/L 

Turbidity less than 50 NTUs 

(NOTE: Check the site-specific SAP or Field Sampling Plan for criteria to use to 
determine stabilization) 

• The duration of well development has been at least four hours, even if stabilization of 
parameters has not been met; and 

• The yield of the well is representative of the transmissivity of the aquifer. 

The TN&A Project Manager will be notified if well development criteria carmot be met and do 
not seem achievable after four hours of well development activity. 

3.4 WELL DEVELOPMENT DOCUMENTATION 

Well development will be documented on a well development/purge summary form, which 
will include the following information: 

• Date and weather 

• Pre- and post-development water levels 

• Method(s) of development, equipment used, duration for each method 

• Measured thickness of sediment at bottom of well prior and after the development (if any) 

• Field parameter measurements and time of measurement 
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• Volume of water removed between measurements 

• Cumulative total volume of water removed prior to each measurement 

• Pumping rate(s), if applicable 

• Total time of development 

Additional observations, such as apparent yield of the well, detected odors and discoloration 
will also be noted on the development log. 

Optional: After final well development, collect approximately one liter of the well water in a 
clear glass container for photodocumentation. Hold container against white backgroimd, label 
glass jar with well ID and photograph using color film. The photograph is part of the well 
development log. 
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APPENDIX D 
Piping Design Calculations 



CALCULATIONS FOR DPE AND VE PIPING HEAD LOSS 



TABLE D1 
HEADLOSS CALCULATION 
PERCHED HEADER DPE-A 

Enter Pipe ID No . : 
Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. 

Enter Pipe ID No . : Pipe No. Pipe No. 

From: ;--A'..'ai«Well-Heatl PA^Si-'-; . • ?A--.̂ .. Well;HeaiJ-.PA-5.t s y ^ > •• M .1/J".iRVC-16J.Branch(«.* : »».*>#Well'Head-PArrfl,>--<iE;... 5^-' .wiilAffilS/tS'Wte^^n 5 r,- 5 i : ' ^ J ' ! IWC:«4i; , - iK^f- i^ i r ' . ^^ .WelhHead lPA- jL ,? - i~s."i 2: PVC-l05:tirancn-.--rSi!J- ^5K..̂ 1frWe^̂ lhead PA-1-I'S): * S ' "-•J";PVCt16V. Branchg'2i=i 
To-. ->Sir1i.1/2:.PVC-.102'Branchr.-; •.r- •l/2"iRVC-10l.-Header>i:a f'.-^.v-2rjBVGT04'Header.".-" ? • ;'-.-'ft12;:PVG 104,Header.;j* 'f. '..••...i.i.6" w c st 06-Headeri^-4-*5 .5Sf;..2"-RVC;i05:Bfahch;sf.:<-,:- ;i- >7^:6^EVC,106;Hea"der . . : . ^ i 2- PVC-1 OZflranch, i i * - ? f.s:«"i6".RVe:.106,Header;^T •^r.V-^ias"'Manifold -sft^ A .V % 

Calculation of the Reynolds Number 
Re = [(d^vp)/M] 

Diameter of Pipe [dJ: [inches] 1.59 1.59 1.59 1.59 2.047 6.031 2.047 6.031 2.047 6.031 

Assumed SIP 
Temperature [T]: r-F) 60 60 60 60 60 60 60 60 60 60 
Enter Flow [Q]; fscfm] f^mivti:-. w-iossgss':.-*;;.-!*;- .. '• iUiissg-i; '"; j l 0ir3a.v5 -A 4^; -1 ss*xs.-v.<-;i4oai'X'--'.!?i.i?* ssfesmasisoxi-awiiiic:?. 
Line Pressure [P]: [psig] i^.S'Afi::-t-^W,^-:^.V:iiC!M ?rt*^^i'3P>Si1;r4C?r33ii.t:^;i l?'4Ej»%^.S*K l̂LlLSiKt%V*^^^^^^^ 
Actual Air Flow [acfm] 39.0 39.0 78.0 39.0 116.9 116.9 39.0 155.9 39.0 194.9 
The Velocity [v] is: [ft/s] 47.12 47.12 94.23 47.12 85.28 9.82 28.43 13.10 28.43 16.37 
The Density (p] of Air at 
T = 60°F [Ibm/ft̂ ] 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892" 0.01892 
Absolute Viscosity [p] of 
Air at T = 60°F: [Ibf-sec/ft'l 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 

The Reynolds Number 
[Re] is: [dimensionless] 9,807.99 9,807.99 19,615.98 9,807.99 22,854.97 7,757.27 7,618.32 10,343.03 7,618.32 12,928.79 

The Flow Is Turbulent. The Flow Is Turbulent. The Flow is Turbulent, The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. 

Calculation of the Friction Coefficient [K] 

If Flow is Laminar: 

Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar 
The Friction 
Coefficient [A] is: [dimensionless] Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar 

If Flow is Turbulent: 

0.031433 0.031433 0.026362 0.031 0.025 0.033 0.034 0.031 0.034 0.029 
Enter Friction 
Coefficient [A]: [dimensionless] 0.031433 0.031433 0.026362 0.031 0.025 0.033 0.034 0.031 0.034 0.029 

Calculation of Major Headloss Due to Friction 
Loss 

Using the Darcy-Weisbach Equation 

Headloss h,,^ = A (1/ d^) (p v'/2) 
Relative Roughness for PVC, CPVC 8i ABS [t] = 0.0000233 

Enter Length [1] of SVE 
Pipe: ra sA?s5-3Si2oas^^ te5*£4S-5JSfa16H?.uS&*j- ufe^^f i teis^^ 

The Headloss [h ,^ , 
From the SVE Pipe is: [psi] 0.0988 0.0043 0.0829 0.0451 0.2203 0.0004 0.0162 0.0004 0.0052 0.0063 
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TABLE Dl 
HEADLOSS CALCULATION 
PERCHED HEADER DPE-A 

Enter Pipe ID No . : 
Pipe No. Pipe No. Pipe No. Pipe No. 

w-.i <;--*<iTyw35gi8sgaisg 
Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. 

From: L-:iE-&*WelM:lead:PA-S' ' „ . -••.ft.i,.?Well Head PA^5 .̂ .- • -H V i ' P V M 6 i Branch _ Well'Head:PA4.4*ip-,^r ;„ •|.{/5"PVC-l61:, .s.̂ F5j,i; ^i?f\^S<''2rBVC;1U4»;*:;-S,"-'. i>r.^-»?,WeH-Head'BA-2f • - .••i,'«»J!VCstflS.yranch*.-; I'- .•...••:;Well'head PA=1;a:= ^'..-^f.i'ZMevc-IOZJBranchvaiSS:.' 
To: ..•i.S:^l3/2'-(RVG-102,Branch -J:1/2VPVC:1011Header.. i2" PVC.104 Header-' i j .;'', 2'' PVC..104 HeaderSig3!- •.6''JRVC'..106 Header,c?;.?ia S : ' .J=:i2; RVC^IOS Braricmj'ST^r •i;-SJJ6-<RVC 106-Header---j.^-i .-;,S':25pyC7.107'Branch,r ; :;• • ;-.-^--6". BVC'106 He"aderA.-.. 8^ Mahifold'Js-Sga;i?i-

Headloss From Fittings rh,„„,l for PVC: 
Enter Number df STD 45° Elbows: Sf'+iiSftg-'as^o'. ' i^B ." ' • L;-*(c-5-5 v « 3:0:7 • tf^r t ' ~?. • ' " tO - ; \ v - v . ^ ' r ' .J i - " -"I." iOJiiaifsSiiTSA'- : - ' . ':!:i:.^vV0. :^trM^'&3rSi ?»V5^;}.ry.^-"-1'/.c»,'.W'«'T'T,:---'?- ^srr:^^S>:Si.-,i- ':*'ir. •••}:s:-:.'''-ss::xif!^''<ft^^j^s 
The Equivalent Length 
of Pipe is: ra 0 0 0 0 0 8 2.6 0 0 24 

Enter Number of 90° Elbo ws: • V ^ i ' ^ f s ' - ' V - ^ ' ^ O ; ' * ; - S"~:>Vi - tUCI^ iVMSi -a?? !? - . ^ U o V -0.' T?;;- ' ' v , i ^ J'ir'%5S3,?T>:'0. f .}•.; ,"0£r;.f »; , ?"V.>S?^sOSVjaW; -.-"^ K..:'.-: •.-i,=i>ir-:iai";-:s%s.;-s;. 
The Equivalent Length 
of Pipe is: fft] 4 0 0 4 0 0 0 0 0 16.7 

Enter Number of Tees (F ow Through Run): ;«5^^>g;W<«.t1Srar-^"r::'iV,:' .'•(i'VtiSt^ftJESoa>iSv' ! " i i . ̂ i ' ^A 'So^fesm^ i •m:sff=«^'M!ii<:^&nesi^fi'!^< i,'.i'',<7..n'''';i'^3"4;iSKK; .f;' ' 
The Equivalent Length 
of Pipe is: ra 2.7 0 0 0 0 12.3 0 12.3 0 0 

Enter Number of Gate Va ves: ».;-jsm*;:3:<-sosH4isi--'f?,i-,is 1KS.S<>iS«0SaS38SilK«9r* ; 'w;^iSCXS0;5;6Sfcw§':^ •i\v«5-.sas:-3S*oiSS^r-a-»' .'iijv>J~/-'̂ ' '.ioss^^ssss*;! 
The Equivalent Length 
of Pipe is: ffl] 0 0 0 0 0 0 0 0 0 0 

Enter Number of Globe V alves: ;W#^*-a-v'o^-a^f tv''•-.r î ''̂ -.s^^saS'S7?iO.%S;-i.s:;sf,̂ :-;» ... •i?>'.%.'?^iW-S0^i'"i?J^.'iii-4' 4 • • '1', 's:̂ ::̂ t̂  o.-?»'5#;Maii;;v rs: .rv:-i :i f iO i j : ^ i i i 2 i£S j?« >i5*.ii'!s'sA*.;4;Oi!'..£». • L'. :.75$T:^' 0 i.'^v^^^s^^.^*. • ~ • 

The Equivalent Length 
of Pipe is: ffl] 0 0 0 0 0 0 0 0 0 0 

Enter Number of Ball Valv es; •;'»?''?»i*»(BO.WX*,=.- 5 -.t .'I^'i^'-t: •. --H-.O^- .^i^KiV'<^.i ' •vi::»o .!;<.r.:;M-:ji6S X H i i - r j i X ••'.'iO. -linv-i?:- £-.sai.- •ESWaS-rS^.^t^Oi-. -7;';- .• . ->. • ̂  :>.=.*-;KiSjapo.̂ c:.;-'-',- '̂ -s •-_( - i..s;LO'j; iSJWRK'W.'.-
The Equivalent Length 
of Pipe is: ra 0 0 0 0 0 0 0 0 0 0 

Enter Number of Expansi on Fittings (d/D = 1/4): i:tm^S':>f:i 0'rr^'if\i-'::t- iwiiV'tf ssSSiO";-. ff.iSr r S.; t :i>avi-?i":,-*̂ o%-?iS3f,nir*s'- ;j"'::>i^OjS:sSr%Sj;0iS^ -:v :-5i;;:<::o5¥j?f̂ isiv';'';s.; 

••-:•''•: 
•-!~".'5isij5S,S0^~'5 . i?^" ^'^r.* "i-'»i"'js.w;-o?i«€'>sse'SSS 

The Equivalent Length 
ot Pipe is: [ft] 0 0 0 0 0 0 10.8 0 10.8 0 

Enter Number of 
Expansion Fittings {d/D 
= 1/2): sm?smi:'^o-}^i:-Mt-mV^-i «^a4^so^3»g2ffiteMj k'S .b»S(ri4-"S, 40 .•••3Sa:'i»H;£i'?s." fei^«i?j2S!j«a5^'i^ 

^ 4.".i;':=%i<fe-i§§at-S?fe5S: 
WSf-S";*!*!*?.: Oaf-jpS^^-Siiis:: 

The Equivalent Length 
of Pipe is: ra 0 0 0 0 13.6 0 0 0 0 0 

Enter Number of 
Expansion Fittings (d/D 
= 3/4): 

^ ^: ii^^5§^::4^' '• •• • :^rsi- - : , '^ .' ::- V'^ v ^ - : : ^ 
•^•u•?:.^•^.^ai-^^0a~3a^^-%^ "..3? 

'• .V..- ' -— .--1 ' /sf . t -V*:-??'^. : 

.rr-:̂  .: if • ̂ oa 'KSis^fe^ 
The Equivalent Length 
of Pipe is: ra 0 0 1.7 1.7 0 0 0 0 0 0 

Reducer Fittings (d/D = 
1/4): L'-i:^':-:^;*,^^*:**!?^?^ 
The Equivalent Length 
of Pipe is: [ft] 0 0 0 0 0 0 0 0 0 0 

Enter Number of Reduce Fittings (d/D = 1/2): y;^.•i?i?o^^•f.'^J-"%'0;^>f:e^•.^«r.ii;^^^ eKJj.:^:;:: i ^ » 0 • S ^ f e W T ^ : £ ^ i f • : J f e 5 5 i 5 o r ^ I r i i f e « j * : 
*»-%tt i f t¥«--•-• '^•^^\• ' •»• 

The Equivalent Length 
of Pipe is: ra 0 0 0 0 0 0 0 0 0 0 

Enter Number of Reducer Fittings (d/D = 3/4): .tiSS:ft;.;»:,>o:i;v:?>"6t... v iWiUji>Vil3;03i!*-5.r-5y.A-\ • : > < § ; « s b i » ^ f c ve-:K^'vyiSo,'A?-^vsa^st .•S.'?rig;?S.i'Vfl.:;0;j->.!>-,-;..a.i:' '..r.,.'---r-'t?;,r-;-j^*.c-Op:-jT?>i;--.A. r" - s,-i.&£fiS£,.ô &5̂ tss££i-s 
The Equivalent Length 
of Pipe is: [ft] 0 0 0 0 0 0 0 0 0 0 

Enter Number of Addition al Fittings: - ^ c w i i . S ^ ; T , ' ^ ? ^ r - i ; * <-;s-iv.>;Uv?.iase^*;-£/-i-* S<-^i6'-Cz"'o'f;>:.".---.'"V^" 
i:j?-^^**.rf-:-^^.''-'1-c^?.-tr"^^ •Cj'. .'"fv^J:•v .̂;̂ 1:̂ 3^ •̂£^^J?v.••' 

Enter the Equivalent 
Length of Pipe for That 
Fitting: [ft] 

:tg&Si<.*,'.i«-"xc>.>'r.-'."'-ir.' 
• >̂~:- ' ^ • t ' S ^ S 
f :0! ; ; .5&&fe*i : 

The Equivalent Length 
of Pipe is: [ft] 0 8.4 8.4 8.4 0 0 32.7 0 32.7 0 

Totai Equivalent Length 
of Pipe From Fittings: ra 6.7 8.4 10.1 14.1 13.6 20.3 46.1 12.3 43.5 40.7 

The Friction Coefficient 
[A] is: [dimensionless] 0.031 0.031 0.026 0.031 0.025 0.033 0.034 0.031 0.034 0.029 

The Headloss [lih»mn 
From the Fittings is: [psi] 0.0072 0.0090 0.0364 0.0151 0.0300 0.0003 0.0150 0.00026 0.0141 0.0013 

TOTAL HEADLOSS [h|„ 
AND FITTINGS: 

J DUE TO FRICTION 

Pipe No. Pipe No. 
101 

Pipe No. 
102 

Pipe No. 
101 

Pipe No. 
103 

Pipe No. 
104 

Pipe No. 
106 

Pipe No. 
105 

Pipe No. 
106 

Pipe No. 
107 

Pipe No. 
106 

[psi] 0.1060 0.0133 0.1193 0.0603 0.2502 0.0007 0.0312 0.0007 0.0193 0.0076 

Length of Pipe [ft] 92 4 23 42 100 31 50 20 16 199 

h|„../100 ft Pipe iPSi] 0.12 0.33 0.52 0.14 0.25 0.002 0.06 0.003 0.12 0.004 

TOTAL HEAD LOSS 
DPE-A (psi) 

0.609 

Page 2 of 2 



TABLE Dl 
HEAD LOSS CALCULATION 
PERCHED HEADER DPE.B 

Enter Pipe ID N o . : Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. 
^ f S S r ' ^ a o s r ^ r E S ! 

Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. 
Enter Pipe ID N o . : 

•-•=..,-T-,-..-^n203'^""'~^^^ ?>.;Srr- •• -204-. '-:>•.'_ '-\203U->fci'-K-Vr. 7i%. •••&iBj206T^^"<-; , 
Pipe No. 

^ f S S r ' ^ a o s r ^ r E S ! 7 207 T;.:T:y3' : y^^^ 208K-Sf- -ji -.i/ -'- .,^'(209 . . - i ; f - :; 
Pipe No. 

From: •,• ..•.Well HeadiPfr-r n :,-fWelbHead:PW.-r..: : •J'-PVC-^fl iBrancfi": . , .•,iiS-Well Mead -^"l i'^PVC {fl4,Brancli •-,: -:•' .Well Head PB-4 . r,;..:, Well!hBad-C;B:S r-t- -.s;^5".PVtJl5S'Branch:j-i *£..:..Well head PB-5: : .PVC-20V Branch , -4'!,P'u'G-J!63,Header.... -.••;.r;,,Well head PB-1. :-.:.'. •,"4i2!. PVC=i16,Brancfiii:-s: 
TO: .•,-4::PVC-203'Headeri<W i.»i*j'.}4::RVGi:203^«ir>- •i ' -2 ; ipvc 204 Branch./..^ ;cSM"'PVC;203 Header IV 6",PVC:209.Header.«?'' .'5~4" PVC^208.Header^ £'.'.4: PVCi208iHeader/- ^ jF'n2iPlVGi207 Brancff''^? i,&4VPVCi208-Header 1 • 6",RVG:209Hea3err.. * .f2;PVC-210.'BranchV,.^^ f-*v6;iPVC7209.Headei^ iiai»"S'j8;'Mahifdld.",CJ?Si-i 

Calculation of the Reynolds Number 
Re = [(d,v.p);p] 

Diameter of Pipe [dJ: [inches] 2.047 2.047 3.998 2.047 3.998 2.047 2.047 3.998 2.047 3.998 6.031 2.047 6.031 
Assumed STP 
Temperature [T]: [°F] 60 60 60 60 60 60 60 60 60 60 60 60 60 
Enter Flow [Q]: [scfm] ifi-ii •'• .'-SM osi%:S5t.a::S ,j^V-;::,.:s.,SiS10»rSSa< •.i:»-*v;iSJ'-20-."¥-. \ :' , : iV.^5J'"4- .V:.10:G • , i . '.3:..--..v~ ̂ jf.aos.iî BBiSi; ;;;'3i'f'>.-'',"'<..ioss-.L-.'-'*. ivSS^i«iiio.^''•.,¥*?.•;?.,• ri*<ir5...s20 •...-ŝ 's.'T.o W sk?.::-*:!;60"^^-'-=•:-* f:'̂ ts tsss^n OK:- .'-'-'̂  sJS^^? sft••.7o;r^;^•m*f * 
Line Pressure [P]: [psig] -.T.- •••.-.11 'S5S»-=e>- „!.-;-. ^>:^Vl!l:.?i-f'.-,.---r; -•SiS*ti:51.1r^rr^=>. -i ••'•f^i^i^''< .".-11 - 'Ul} • 4'#•-•'^•..^•-11. ii? r:-i '•'i. '̂viiisjit.r^??;/-. ii.S5ys:;-i-i.ir-' n • - . - . • ' - l l r i i S r ^ - , : - ' • •.•¥ii. 'r i: i,-;s>T,-j? . ;C [1 .S'i-^J,^ ":-.1i1. ;.?:i' '-:• ' . , : m-i'. i :ri 1 '<m-iis 5, 
Actual Air Flow [acfm] 39.0 39.0 78.0 39.0 116.9 39.0 39.0 78.0 39.0 116.9 233.9 39.0 272.9 
The Velocity [v] is: [ft/s] 28.43 28.43 14.90 28.43 22.36 28.43 28.43 14.90 28.43 22.36 19.65 28.43 22.92 
The Density [p] of Air at 
T = 60°F [Ibm/ft^ 0.01892 0.01892 0.01692 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 
Absolute Viscosity [|j] of 
Air at T = 60°F: [Ibf-sec/ft'] 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 

The Reynolds Number 
[Re] is: [dimensionless] 7,618.32 7,618.32 7,801.25 7,618.32 11,701.88 7,618,32 7,618.32 7,801.25 7,618.32 11,701.88 15,514.55 7,618.32 18,100.31 

The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turtiulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. 

Calculation of the Friction Coefficient [A] 

If Flow is Laminar: 
The Friction 
Coefficient [A] is: • [dimensionless] Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar 

If Flow is Turbulent: 
Enter Friction 
Coefficient [A]; ,-• [dimensionless] 0.033627 0.033627 0.033300 0.034 0.030 0.034 0.034 0.033 0.034 0.030 0.028 0.034 0.027 

Calculation of Major Headloss Due to Friction 
Loss--

Using the Darcy-Weisbach Equation 

Headloss h,„„ = A (1/ d^) (p v'/2) 
Relative Roughness for PVC, CPVC & ABS [c] = 0.0000233 

Headloss From SVE Pipe [h | „ „ . ] for PVC: 
Enter Length [1] of SVE 
Pipe: [ft] •»ffMVR4 f̂e:i>jS' ?.i-s?>al Or vvl-; ^.i'.-i;. ;>;i*l'"iS5S;'82-.fi:"i.-S:i- :3s¥ -ss.i o'.*!v.iStsa». i i 2 0 ? : S : f 5 E s J:iW«',',rf^95.*;';.-vHK.'j9s 

The Headloss [h ,^ . 
From the SVE Pipe is: [psi] 0.0270 0.0195 0.0021 0.0032 0.0094 0.0247 0.0032 0.0037 0.0032 0.0018 0.0041 0.0162 0.0255 
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TABLE 01 

HEAD LOSS CALCULATION 

PERCHED HEADER DPE-B 

E n t e r P i p e ID N o . : 
P i p e N o . P i p e N o . P i p e N o . P i p e N o . Pipe No. Pipe No. P i p e N o . Pipe No. Pipe No. P i p e N o . Pipe No. P i p e N o . P i p e N o . 

E n t e r P i p e ID N o . : 
^7^V^20i^r<&'S,^i^.? 

P i p e N o . 
?%:?p5fr. 203^^^=%^ '7r:.T<?5?^204? r̂̂ vr 7 ^ ? g : ^ : T 7 2 0 3 T S 3 3 ^ i g ; 

Pipe No. 

r??^?c^2D67»i7?-"S^: ?STS° 1 2 0 8 ^ ^ « r ^ - » . - •^ 'SS^. '^OT !"• •? -:•? - •<-''• V z O f l i ^ - : ^ ; P K ; ^ ' ' i ? ^ 2 0 9 ' t T r E : « a " 

P i p e N o . 

From: " • " - W e l l H e a d P f e i ^ i ^ i • .; .-• Well Head-PB-fi T.- -s ;2r !RVC; l6- | :Branch> .. • Well Head PB-S - ' , - ' - 5 ! P V C J 6 4 B r a n c h * . - : -.. Well'H6adPBr4 •;• • ; . :We l l , head P B - 3 • " • : .J "P\ /W6S.Branchs. . i'/.-WelliheadPB^^- T. : ? P V C - 2 ( J ^ B ranch ; .r4''-.P.VC^565.Header -r- Well head P&:l-,«-. - . v j l P V C L i l f i B r a n c h r - A 

T o : i>./4' P V G 7 2 0 3 H e a d e r •• •• • 4 " : RWC-203 , : v¥- 2 - P V C 204 B ranch . - . i - 4 " R V C - 2 0 3 H e a d e r s J > 6'^'RVC 209 HeaderVj, ? R V G - 2 0 8 H e a d e r ' - • ' 4 " : R V C T 2 0 8 Headeri;.-; • 2: RVC-20Z Branch. •. •i -:4;.'Rve-208 Header: '-i' 'Sr P V C - 2 0 9 Header.- . •• - . 2 - R V C ; 2 1 0 B ranch a-T;6-. R V C - 2 0 9 Header^- . 8", M a n i f o l d - . V ; i f 5 

H e a d l o s s F r o m F i t t i n g s [ h | , „ , ] f o r P V C : 

Enter Number of S T D 45° E l b o w s : jSp's?: ' .•• ' :•. . 0 - . «-;^4«^'Vs '•!-j:.ym:^o..ii:'---^, :: •- o.-t; ' !. -••"i.Oi^i • :•••:.•••.• . -. ; "qpl^^- iCi ! '•" :•'; •'.-; ••.•\:'^:0':vni3..^i".ii^ ^;v'^;: - " ^ . . i O i ' ^ a S * - < !«.3:«^-"'-'. j "aio i . ' i ' S T ' . ? " ! 

The Equ iva len t Length 
of P i pe is : [ft] 0 0 0 0 0 0 0 0 0 0 8 0 24 

Enter Number of 90° Elbe ws : . ' i i : - ' sw* : ' f ' : - . - . ' .r ; • . -0 . ' 5.--v. i i ' i f o.- t - r - . - • f ' ^ 3 ^ K - f v ' f ! 0 V: : , -5$- !y i lv ' " i V i ^ o v - r ^ „ . - .v . ' •.::.<.mss^'0::...^:<-^M: iv:'?v:s'>;0i-3'y.sg.^- ;>>••-"• ;:.:;,o_i?,-f->,>>: .SE! ";;.... 7 0 -.T p j t . ;.vis!5rs¥-,j53;.i1j?-;-4-;.?r.-.5r^ 

The Equiva lent Length 

of P i pe is : [ft] 5.7 0 0 0 0 0 0 0 0 0 0 0 16.7 

Enter Number of T e e s (F ow Through Run) : n - i J ^ U i • ; . 0 - ; : a 5 : % . - , ' : .ĵ --.v-.";'i&io-s>i\;i-v,-̂ - r i s ' v . V - - ' 0 f S ' - . • ^ v s • • 3 3 - V ' & S a , " ¥ ' : 0 - - : ' ; ' s : * - K W . ';"C^^.k.-<-'T'0.1;,t'" ^ • ' - J ^ ^ s v -3.VV._ V r f . 2 6 S S S V ' ' - ' ^ ^i^s ,«^;ss0i.-:i*v-: v ; ;^ : •1• r , • ;o5^ :^^ t . r::";̂ ii3H'vo:̂ ..-::.̂ !̂rv? •- • :0. - f - i5f fSK: i - j ' - *":'• -rt-J,'fis;'--O.^iy- -•ft--

The Equiva lent Length 

of P i pe is : [ft] 0 0 15.8 0 0 0 0 15.8 0 0 0 0 0 

Enter Number of Ga te V a Ives: i'lsi r.-^yri"'•"••Oi va'aWTitft'*; '•v.-.^.^sissso •?:.y.-T ".:•% i S ^ i s ^ G . i V O f C - ' ^ i g S J-<-r:;;iSt!C45iO-^^V^3 / i & t ? S S i ' 5 ' ' 0 2 f . i i . s a # . S S ' fe'••-S^.^^'<0^^^i^m«§1' &":(tr?.SK=o - > ^ : 5 A i - t ? = r 0 s ^ e ijf';v.s'̂ -::.*:*o.!;sfg;';»:?'.." 5.r.'*&-li>nJS0.^V-,v!^A:'-;.:-rM 

The Equiva lent Length 

of P i pe is : [ft] 0 0 0 0 0 0 0 0 0 0 0 0 0 

Enter Number of G l o b e V a l v e s : t Z : s ' ' i ^ - - . 0 ^ ' ' . ? M : ^ - - s ^ • -rS-WKJO;-;-';':"'V; a•>: f^v^^^•v•^^o.~".^i^^5^«t^ • ̂ '^•^itv.••--^so,*.^.: •':••••:< : ;-^>5-:y-. ' : ;Ov^a5:»-f" •jiV«:.*K-Jeost*:T? : ; : I'&.eiV.-^i.O: •• • rc--"? f'-i- oi^sK,?.:^:- 'r-'^i-rtri:, o^J>'' : .T - " o ' & v . i , ' - ; : ' - " '^•£? '£x0; . : :K; : - ' - . i '? • > ; . J - . 0 ^ y ^ v i * v S r 4 _*-V..rS, ' ^ iO - ' i i.'r 

The Equiva lent Length 

of P i pe is : [ft] 0 0 0 0 0 0 0 0 0 0 0 0 0 

Enter Number of Bal l V a l v e s : f^x^&'i'i 0,-.: jmigi>-i.. . ;-?-.-c?i7:^^tsS;0-.^•;-:"^^ .'-yT: 5:*OT!s-» \ ^ . : O C T ! ' - K S S K i i f^ • = f . i ' s s ; . ^ i f ; 0 ^ ^ • : r - . . f t 5?r?^s" '̂ '•t''vi7C0-''.\(=^>r^^rt^fl'< •''̂ = "̂;'̂ ^^?ir.0'*t,v'?r;̂ "̂ i6^s V?".'^T:T'~-^A0Hj=.ii.=ViSr--'S3- SK-K«5««-0r:W»?ii l:!fjffl? --i^':^'>a;:-i^i-' -•O.l/.-rfc^il^.!^:^-: 

The Equiva lent Length 

of P i pe is : [ft] 0 0 0 0 0 0 0 0 0 0 0 0 0 

Enter Number of E x p a n s i o n Fitt ings (d/D = 1/4): •t?iZi'-&F-^-:r:Cf:iSt^.:'* i - i " . i O ' i S - i . iSS.SS,- ' f ^ ^ i x ' o . : - ; ' * » ' . ^ . * i .^.•:'.r>,''.iOj*'.;:i'3;/ " " • i - - - . v ? ' • . .0"j~wf•..? <:s«t*.'«5e*o i-s. jvfcsjf* c^A;-r-j-os;f''jiA :• j ;- •a .\-»SjKJfo.«»gi5:t.-^ • ? : £r:-. •;0k''-7; *>-.T-:.-#;--,'SaS0i!T:£.>.̂ -.'SV<-: 

The Equiva lent Length 

of P ipe is : [ft] 0 0 0 0 0 0 0 0 0 0 0 0 0 

Enter Number of 

Expans ion Fitt ings (d/D 

= 1/2): Ifx^p:-' ••.•',0?:i9:s^A&i-^ •:^f^i*'€0^^jii'?^i^, '••^^mmM'^:d 
JJ-V- }V'-fl'^i?;:'.^^pt-t^ 

The Equiva lent Length 

of P ipe is : [ft] 8.8 6.8 0 6.8 14 6.8 6.8 0 6.8 14 0 6.8 0 

Enter Number of 

Expans ion Fitt ings (d/D 

= 3/4): ^̂ •̂ •̂ :J |̂̂ o«^̂ 3 !̂55i:. '•^''^••.J^'^iioM^^'^i Wafe:.*: JO' 5; Wi -^S i f 
•>^-l-;'-^:'i!f,:'iMb:i::Z':''.-i 
•̂riî 3?ra;o»M^^1^ ;̂:. '.:i^s^.w&-?-'.io.V-¥,-3,{i¥>S; ;iSS-S7-SfS0>.^ •,^i^3tJ^ 

:-'5v • . '•-v^^--¥"*ir- ' 

l & t - ; ' -"J.-i^oE-iSftE^af • '.̂ :•J'4 î3^^ ;̂5i¥S!''̂ î 
The Equivalent Length 

of P ipe is : [ft] 0 0 0 0 0 0 0 0 0 0 0 0 0 

Reducer Fitt ings (d/D = 

1/4): 
.'^5i'^>^V^'"'j'''5:: ^•Vi i f^ '^ i " ' .^ -

i^SssjS&oi^SP^? 
•. '::,-^^ i*' -;v -"'•T^ A '- i-^ 

.*.: i - l ; J . ' . r . 0 . t - 5r^:4>>'i- -• .W" S ' a S -iO',-•'i^iifes" r ' i i © * ? ; . ' • .o: j i ' . - ,pr '^! i> 
>V. Vr • ; V v J ? r % . f e . ; . 

a '̂vOarm-'.. v: «flv:;;5;^^^0:c?iyfe .••: '>it^.of-?t '^':v 
The Equiva lent Length 

of P i pe is : [ft] 0 0 0 0 0 0 0 0 0 0 0 0 0 

Enter Number of R e d u c e r Fitt ings (d/D = 1/2): " --.^ -•. ' .^^^'^iSOif 'e^T'.V.E'r i 
•• S'--.i,;.--!j.'i?. - • S f a ? M S , & i 

:̂ #Kfe'f?%"o'i#.'.34=S% 
- "sJ->'.-;J'.J):4.;-*=ii :"i.i.?< 
iMi<; . i - : . i ;0SsO; ' . : f -^ i i ( 

The Equiva lent Length 

of P ipe is : [ft] 0 0 0 0 0 0 0 0 0 0 0 0 0 

Enter Number of R e d u c e r Fitt ings (d/D = 3/4): 2AjK:y '-'''os^. iSiiW^'i' 
• 3 ' . r : ! . . J - 1 i . - ^ - . 

=::Vv;v-,S>503;4:-;- :o;V:> 

- ^ : . J . ' r^.'iri.'j .* 

. . ; * j 7 S : k - 0 - w - , ; ^ i S ? - i ! . i . 

The Equiva lent Length 

of P ipe is : [ft] 0 0 0 0 0 0 0 0 0 0 0 0 0 

Enter Number of Addit ion al F i l l ings : 

:it^f-,^;'..= v: T.:\-- • "•C^.^.;;. -i •^••"^•^^-•^'•-'^••T-&i:'f-:ii '• ' r ; • J-:': •:-•• £J*5 •"''• ^ 
->j-','i--".-''-''-^..i;v»^.-'"'r; ':-• ^ -- ••- . - r ^ fe^Ori,.-^ - ^ •- ::• 

{i. V ' ntv̂ .-: r.-i'-'P^fr^::':^^ ' 
i^'TJ^-i^^^^A.v-b^-^.?:^'?;--'""^' 

c CA '^^'?g:';-•• '.y^^^^-.'-^-'.-i.^ 
" i%>£ fO t i ; 'f '.-••̂ j 5- S « s i - ' - ; " ' fe i f t O . H ' a O i " - : ' 

r^%%:m^":i-..i^:'Z 
p-1 >.-Ti'.-&S^'<C 

Enter the Equiva lent 

Length of P i p e for That 

Fitt ing: ra 

^; i - :^?s ••i'*; -"t ••• 
. T ^ f ' ^ - : - •'•J>''-.-:--\.*-'^'.^ •-

'Arl-%. "!i:\.0 ir.i!.^.%::..-iii 

:' .•^-•ci^^*--.:. -r •J'.^f 
^ j ^ T T i - ; 7.-. - ^ - ^ . V V a 

.k ttt-i--5S:s^-i'4*"..-T.'.;-i?fJ« 
if.'5feKlv22'-*.--.i5>»j; S2'::VC^̂ ®§i •' KW?3'Slfê %:,i4!-

'̂SWsS3l7r»:'Swi?£%f5 Uk':tt'.|i:32;7;';E4iS;ft?' •is-^o^aa^Si 
The Equiva lent Length 

of P ipe is : [ft] 0 22 0 22 0 0 22 0 22 0 32.7 32.7 0 

Total Equiva lent Length 

of P ipe F rom Fit t ings: [ft) 12.5 28.8 15.8 28.8 14 6.8 28.8 15.8 28.8 14 40.7 39.5 40 .7 

The Fr ict ion Coef f ic ient 

[A] is : [dimensionless] 0.034 0.034 0 .033 0.034 0.030 0.034 0.034 0 .033 0.034 0.030 0.028 0.034 0.027 

T h e H e a d l o s s [ h | ^ „ 

F r o m the F i t t i n g s i s : [psi] 0.0041 0.0094 0.0007 0.0094 0 .0013 0.0022 0.0094 0.00072 0.0094 0.00128 0.0018 0 .01284 0.00231 

T O T A L H E A D L O S S [ h | „ J D U E T O F R I C T I O N 

A N D F I T T I N G S : 

P i p e N o . 
P i p e N o . 

201 

P i p e N o . 

202 

P i p e N o . 

203 

P i p e N o . 

204 

P i p e N o . 

203 

P i p e No . 

205 

P i p e N o . 

206 

P i p e N o . 

208 

P i p e N o . 

207 

Pipe No. 

208 

P i p e N o . 

209 

P i p e N o . 

2 1 0 

P i p e N o . 

2 0 9 

hiou = liioup •*• h | , „ i [ps i ] 0 .0310 0.0289 0.0028 0.0126 0.0107 0.0269 0.0126 0 .0044 0.0126 0.0031 0 .0059 0.0291 0 .0278 

L e n g t h of P i p e [ft] 83 60 47 10 103 76 10 82 10 20 95 50 4 4 9 

h | „ „ /100 f t P i p e [ps i ] 0.04 0.05 0.006 0.13 0.010 0.035 0.13 0 .005 0.13 0.016 0.006 0.058 0 .006 

TOTAL HEAD LOSS 

DPE.B (psi) 

0.208 
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TABLE D l 
HEAD LOSS CALCULATION 
PERCHED HEADER DPE-C 

Enter Pipe ID No . : Pipe No. Pipe No. 
('!:WlS0Si.3O2r^S?^m?: 

Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. 

From: ,̂ : r.Well H e a d ; P M - i * - i c;.fsWell:Head:PC^5-^5a i-^fl".PVC:5b3;HeaderH:-;" ^ W e l l - H e a d ' P C r J i s i a v's4'-:PVG465'HeaderiS? SrsaWel l iHeadiPCfH-^w •»?2f^PVC4ae,Bianoh;.-«ii 
i To: :Sa/l".;RVCr303!Header- ':a-i45iRVCi303;Headerfa; S'.-";6t-'f=WC;305'.Header! V ;;-st6;iRVC!305:Headery*, ¥#?2TRVC^06.BrahchS^i ^v^eTTlVOrSOSIHeadersra 

Calculation of the Reynolds Number 
Re = [(d,vp);M] 

Diameter of Pipe [dJ: [inches] 2.047 2.047 3.998 2.047 6.031 2.047 6.031 
Assumed STP 
Temperature [T]: [°F] 60 60 60 60 60 60 60 
Enter Flow [Q]: [scfm] a;s;?tfsa!Sto>i?rufv-:a •ti:ts^mm:2osmmyff: ;?Si'f1^-:£<*10-iTSS^ftiiS 
Line Pressure [P]: [psig] !s*"*s»s'-.i SW=SSC&11S3«^3i.»Si-
Actual Air Flow [acfm] 39.0 39.0 78.0 39.0 116.9 39.0 155.9 
The Velocity [v] is: [ft/s] 28.43 28.43 14.90 28.43 9.82 28.43 13.10 
The Density [p] of Air at 
T = 60°F [Ibm/ft'] 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 
Absolute Viscosity [p] of 
Air at T = 60°F: [Ibf-sec/ft^] 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 

The Reynolds Number 
[Re] is: [dimensionless] 7,618.32 7,618.32 7,801.25 7,618.32 7,757.27 7,618.32 10,343.03 

The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. 

Calculation of the Friction Coefficient [A] 

If Flow is Laminar: 
The Friction 
Coefficient [A] is: [dimensionless] Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar 

If Flow is Turbulent: 
Enter Friction 
Coefficient [A]: [dimensionless] 0.033627 0.033627 0.033300 0.034 0.033 0.034 0.031 

Calculation of Major Headloss Due to Friction 
Loss 

Using the Darcy-Weisbach Equation 

Headloss h,o„ = A (1/ d^) (P 
Relative Roughness for PVC, CPVC & ABS [c] = 0.0000233 

Headloss From SVE Pipe [h|„^p3 for PVC 
Enter Length [1] of SVE 
Pipe: ra . / K 276 " • V 9 % 

I-' ^ r 
125 

^ JO. 

i- 96 -

The Headloss [hic.] 
From thc SVE Pipe is: [psi] 0.0312 0.0055 0.0125 0.0029 0.0016 0.0078 0.0021 
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TABLE D l 
HEAD LOSS CALCULATION 
PERCHED HEADER DPE-C 

Enter Pipe ID No. : Pipe No. 
; p E : n - i E ' : 5 3 0 i ^ : ' . ' : ™ . ^ 

Pipe No. 
r ? p ? ? r ? ; ^ ^ 3 0 2 ^ ^ . r ^ 

Pipe No. 
;^T-T: ' ' ' ^ f7^303HSS^;75 

Pipe No. 
~ p q ? t E ^ 3 0 4 -• 'T^,t~-^ 

Pipe No. Pipe No. 

i;K;:3;!sx306ji's?-r:;.*^"r; 
Pipe No. 

From: -. . Well Head PC-S'- >•.= V-T-WellHead PC-5 » - -i.^H P-VC S65:Header . ^ e l i , H e a d P C - J . i : „ - ; C 4":PVC-5fl5 Header- -: . ' Well.HeadiPiiT'l̂ , '-. .,--ii"-PVC-5fi6,Btanchi.c.: 

1 To: •J 4 ' P V G 3 0 3 Header.-? 4: RVC^303:Header t ;'- ';V-6" PVG-305'Header • 6'-PVC-305 Header < 2;.PVC-306^Br'ahch' •. ,6-. PV&305iHeadero> - •.•>f 8:-Manifold,: •*Tfi 

H e a d l o s s F r o m F i t t i n g s [h,...,] f o r P V C : 

Enter Number of S T D 45° E lbows : •--••.••' . " ' - ^ J - , . 'vi i ' . ':.«•i^•'t:•-. 0 • i ^ i f - A S v S-.' •.'-, • i/ij WkKf'i^^- , ; ' j ' : : « r f ; o • ^ • , ^ i • - • • " .• îr- 'i - : - ; ' 0 .•,- '..,ii;«i~-' ;'j •'. • i ; ' . > ; o ' ^ . - . ' ¥ - . . - ' i i , - , ; -K-S-.i'«:,^..j :1^-' -y^'^k-i^ 

T h e Equ iva lent Length 

of P i p e is : [ft] 2.6 0 0 o 0 0 8 

Enter Number of 90° E lbows : ;'.'r'>:?-'4'£0.f••=:&'. iV-'^'r-r^.-s^'SOss-ZISnS' -: '•• :V 'ivTlir^'^'Or. ?j«?c.g.?.%r,--!. 07-'««rf"-rW-f: i'Tm^mt •:v'^^ •-• .r-e^i 
T h e Equiva lent Length 

of P i p e is : [ft] 0 0 0 0 0 0 16.7 

Enter Number of T e e s (Flow Through Run) : •^'.^-^^-JV^TO'ij:.~ • .'•'.•.•i •s^i iv'.ft--''"s-- > ; • ;- i ;. ' 'ma0'. - K S ? -U5i;--iRVi= S'- 2- -c:i ••'-ij^'i-iv . '• i^; ^. . f tJt 'V'Oi.-^f- . 'V;! ; , :: SftSI,. I:-0- .c''"-i^; 
T h e Equ iva lent Length 

of R ipe i s : ra 0 0 7.9 0 24.6 0 0 

Enter Number of G a t e Va l ves : V- .'?."!>SS-'KO"VS;F' ^ •sSi.i. j ?f5S?=ii*srt''''-0:-,,^-iL;S",4''. ; i ^ a o * 3 % f S S i , ; y i ' r-5K5;3i5HO.:-,.v- •5 :̂iri:-.?s!̂ ';̂ 0TfiS-';j£t??^^^^^ »'-Sr<*i.w>:03S^Jr-J .s,f i- :̂ 
T h e Equ iva lent Length 

of P i p e is : [ft] 0 0 0 0 0 0 0 

Enter Number of G l o b e Va l ves : '••-"^i., iip^o i:---y..c^-v- .-0 -' • l^ySi^ •••' ^ i X f ^ y :»'sy!s.-:='0-' '•; ^'^"ws f'>K*̂ ..:?o''sv-:̂ .w::; >*;V.! ̂ -:<-'!'-i Of>./-':•t'l: . " -J iXr /Ks^-^ .0 ^ 
T h e Equ iva lent Length 

of P i p e i s : [ft] 0 0 0 0 0 0 0 
Enter Number of Bal l Va l ves : '^•1> ?:^.* -^'O:-'.: •^^•/.:^%J. ••^.' 5 i ; , -a :»; . '0 '« i - i - ' i " ; . - - ' - . ; ' , . - : - « O i ^ : > ' . . . f e t > v = r?r;-.6;i^.'^*T^. •' 0.,>-.^£''Aj ' : i ' ^ - s ; r ^sso . i . r ; :s,^i -.j'-»'s;S5Si: --O- -:r •-.u'S^?,:-
T h e Equiva lent Length 

of P i p e i s : ffl] 0 0 0 0 0 0 0 

Enter Number of Expans ion Fi l l ings (d/D = 1/4): i 0 » 0 •»- - 0 0 ? - 0-4̂ - S. 1 " ^ • 5 0 T 
T h e Equiva lent Length 

of P i p e is : [tt] 0 0 0 0 0 10.8 0 
Enter Number of 

E x p a n s i o n Fitt ings (d/D 

= 1/2): « . 1 t I r 
t 

... • ,. . .. . .• .;, .... ^ -̂ 0 * . 
T h e Equ iva lent Length 

of P i p e is : [ft] 10.8 6.8 6.8 0 0 0 0 

Enter Number of 

E x p a n s i o n Fit t ings (d/D 

= 3/4): 

's^s^l*-. '- - •• -
-•y.:'.:-:'''-".-.\-:-^4:j'i-t.'--

7. ' - . J U j r i J O i ^ r i - iS.V: •••• V. ^"'^•'':^•"^••^b;.i'••i"^v^^:;^^ 

= • . .'•-•^.^C^j 

' ."iift'r: i '.j.';.^: Tj •!. ' ' "SfAvj 
t-:i-.-.-.*'-Jv..—U.V • -

T h e Equiva lent Length 

of R ipe i s : [ft] 0 0 0 0 0 0 0 

R e d u c e r Fitt ings (d/D = 

1/4): > '•y^^'^;oi^'':"M 
rs.-¥-1*t2t^K '5"rv:'V''%':?f: '•T-.-̂ f •42v3W$>-'̂ -i'''i-•.̂ r-j:. -?3v5os.mjfe1v,. i'f •;'':'-3lfi^'*0''-'-.'* -. i^'AS.^'A'O-csnv-i-i,'.,;..;^^ 

"-••^•^i i^i^-.'-t* ,-•:' . I ^ V V ^ - i ' 

T h e Equ iva lent Length 

of P i p e is : ra 0 0 0 0 0 0 0 

Enter Number of R e d u c e r Fitt ings (d/D = 1/2): ;Si'?Esi 'v.*o>'̂ & SsW» d^::Ss^0r*;:'4^M^^ .- ' ; ' r ' . .^. i ' !-R:i.0'>y.3' ' ; i- SSStebS?!̂ 'SSt 
T h e Equiva lent Length 

of R ipe i s : [ft] 0 0 0 0 0 0 0 

Enter Number of R e d u c e r Fitt ings (d/D = 3/4): 0 ! 0 " h vO 0 ' ' 0 0 
T h e Equ iva lent Length 

of P i p e is : ra 0 0 0 0 0 0 0 

Enter Number of Addi t ional Fit t ings: 

^ r 
1 >̂ 

««, 
-a j ' - ^ ^ 1 ^ 

0 V f Jl i 1 0 
Enter the Equivalent 

Length of P i pe for That 

Fitting: [ft] ^ 0 

J < A 
* • * i. / 

22 32 7 0 

Jf 

32 7 

s ^ 
- 0 

The Equivalent Length 
of Ripe is: [ft] 0 22 0 32.7 0 32.7 0 

Total Equivalent Length 
of Ripe From Fittings: ra 13.4 28.8 14.7 32.7 24.6 43.5 24.7 

The Friction Goefficient 
[A] is: [dimensionless] 0.034 0.034 0.033 0.034 0.033 0.034 0.031 

The Headloss [hk^rj 

From the Fittings is: [psi] 0.0044 0.0094 0.0007 0.0106 0.00032 0.0141 0.00053 

TOTAL HEADLOSS [h|<,J DUE TO FRICTION 

AND FITTINGS: 

Pipe No. 
Pipe No. 

301 
Pipe No. 

302 
Pipe No. 

303 
Pipe No. 

304 
Pipe No. 

305 
Pipe No. 

306 

Pipe No. 
305 

hio.. = hi„.,p * h,^, [psi] 0.0356 0.0149 0.0132 0.0136 0.0020 0.0219 0.0026 

Length of Pipe [ft] 96 17 276 9 125 24 96 

h i J I O O f t P i p e [psi] 0.04 0.09 0.005 0.151 0.0016 0.09 0.003 

TOTAL HEAD LOSS 
DPE-C (psi) 

0.104 
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TABLE Dl 
HEAD LOSS CALCULATION 
PERCHED HEADER DPE-D 

Enter Pipe ID No . : Pipe No. Pipe No. 

r^mm'«>2w^m', 
Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. 

•m:mm:'4af^j^w:^ 
Pipe No. Pipe No. Pipe No. 

•?^m^mmmm. 
Pipe No. Enter Pipe ID No . : Pipe No. Pipe No. 

r^mm'«>2w^m', 
Pipe No. Pipe No. 

¥' : l ' :^w. '7 j ' . : . -5^^405^^^^^^ 
Pipe No. Pipe No. Pipe No. 

•m:mm:'4af^j^w:^ 
Pipe No. Pipe No. Pipe No. 

•?^m^mmmm. 
Pipe No. 

From: ;S=?s,';Well:Head:RD-9;»f. S i a M W e l l i H e a d i P t W ^ ^ ?.:K2":PVC-46-|-Branch-=r: sssiaWelliHeadiPDffcass ;:ff-i?-PVC'.40SiBranchr;? »€->'.Well Head,PB-4 .-•• i* \ ,s ; iaRVC46BBranchc ' i . i?...i.-Well:Head'PC)^,w,s Si'-sJ";PVC'4fl6.Bfanch,i.4/ 'iWell.'Head-I^C^i'^v;, , «4"'PVC^-404:Meaoer'3fe ifc-W. Well,Head:PCl,-l Ti.-4S. ,j;*2",PVG:409.Branchsap 
To: f£-y-eVC?404.Header_i* :;:S4"JF?VCi404'.HeaderSi •!i!C2;, PVG.403;Bra'hch'??5i ISr4"<!PVGi»04!Header.;.? •»52JiPVe:405'Braiich^,. •:Sr«4.vRVer404*leader>'»s EiS2'!il?VC'406:Brarich'ta? JS74rRVG^404SHeadCT.S' S{S65PVC^408Header;si-: t?i6?,BVC-408;Header:'S'! !:as'2":PVG'409;:Brahchr?^ iH6;iR,VC;408:Headeri:S ?g!i<a*t:8"'fc1ariifold'S;ifg-*?J 

Calculation of the Reynolds Number 
Re = [(d,vp)/M] 

Diameter of Pipe [dh]: [inches] 2.047 2.047 3.998 2.047 3.998 2.047 3.998 2.047 3.998 2.047 6.031 2.047 6.031 
Assumed STP 
Temperature [T]: [°F] 60 60 60 60 60 60 60 60 60 60 60 60 60 
Enter Flow [Q]: [scfm] r»>.~ssfJs;2o.s»if.sF̂  ss^m^-ao'Sssssrsss ?:SiS®t*«:10»>JBi«S^> i^a*SSf i?50f5 I§3, . f i# f t .iises^ssseov'Bî ??? ;̂ 
Line Pressure [P]: [psig] -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 
Actual Air Flow: [acfm] 39.0 39.0 78.0 39.0 116.9 39.0 155.9 39.0 194.9 39.0 233.9 39.0 272.9 
The Velocity [v] is: [ft/s] 28.43 28.43 14.90 28.43 22.36 28.43 29.81 28.43 37.26 28.43 19.65 28.43 22.92 
The Density [p] of Air at 
T = SOT [Ibm/ft'l 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 
Absolute Viscosity of 
Air at T = 60°F: [Ibf-sec/ft^] 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 

The Reynolds Number 
[Re] is: [dimensionless] 7,618.32 7,618.32 7,801.25 7,618.32 11,701.88 7,618.32 15,602.51 7,618.32 19,503.14 7,618.32 15,514.55 7,618.32 18,100.31 

The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. 

Calculation of the Friction Coefficient [A] 

If Flow is Laminar: 
The Friction 
Coefficient [A] is: [dimensionless] Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar 

If Flow is Turbulent: 
Enter Friction 
Coefficient [A]: [dimensionless] 0.033627 0.033627 0.033300 0.034 0.030 0.034 0.028 0.034 0.026 0.034 0.028 0.034 0.027 

Calculation of Major Headloss Due to Friction 
Loss 

Using the Darcy-Weisbach Equation 

Headloss h|„„ = A (1/ d^) (p v^/2) 

Relative Roughness for PVC, CPVC & ABS [c] = 0.0000233 

Headloss From SVE Pipe [h|„„p] for PVC: 

Enter Length [1] of SVE P [ft] i-SSSi>?S325 • fffiiSfiSrS^ r,WS^Ei"!*i45N5<StSflS>J: ;?ia*=S«W«37feiK»StS>S ?i^SffSS=»95S«Nj3S£-,%ji fcM^SaBSSOOmi'SiiSgJ • r S l ^ i i S * - ? 3 6 g J J . - 3 ^ ^ 

The Headloss [h,.u] 
From the SVE Pipe is: [psi] 0.0218 0.0081 0.0020 0.0130 0.0033 0.0120 0.0089 0.0120 0.0211 0.0107 0.0156 0.0117 0.0081 
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TABLE D1 
HEAD LOSS CALCULATION 
PERCHED HEADER DPE-D 

Enter Pipe ID N o . : Pipe No. Pipe No. Pipe No. 

^se'̂ 5^404^ra?:;«s^ 
Pipe No. Pipe No. Pipe No. 

^ S l e ^ « 5 ^ ^ e l S 
Pipe No. Pipe No. 

^i^sgsipsmim:si!!sm 
Pipe No. Pipe No. 

sif';-^,=^ .ir*'407i5'-S^ti&'; 
Pipe No. Pipe No. 

I ^ ¥ W K 4 0 9 5 S ¥ ^ S 
Pipe No. 

From: «::-Well;Head:PC)-5i:;;" '-"•'.loWelh.Headil^b^i'Si-ii 'ites JS PVC 461 Branch*." :r;ictaW.el|.Head:PB-:/''; ns : 7S;J^PVCL4(l5iBranchK J Well .Head; PCv^«:s-' CHii^rPVC 465;Branch'-v.S .«--?-S.i'Well'Head-PB-S>i-''«,» f.t?:25.p.V.C;40BiBr3nch tg' (.-•; -rtiWeH-Head-HM,-,' ifi-^wPVC-uio^Header-f*! .tJiv:WelliHead KDitisas:' S.??i:5"-:PVC:46S:Branch»i 
TO: jfe;4reVG5404;iHeacler« ?>;4"iRVC^04;HeaderiJ« iirf»2r: l=VG:'403-Branch m ?a4^FVGi404iHea'derr;:.-. ty''2-^PVC:405;Brarichtf;i: :ati4;:RV&4041Headera:if g%2;iPVC'406 Bi'ahch'iiiA :»*4"a;PVC^045Hea'dertJ1|; K*6::RVCT408iHea~aerV-;! 4ii.6"c:PVCi408;Heade'r.i» ? ?iv2;:PVC'409:Bran'ch:;S5i tS::6t;RVGi408:Header«;!; 

Headloss From Fittings [hi...i] for PVC: 
Enter Number of STD 45° Elbows: -^••:Si*:'^S>^'0-:sa.'i:'.^»¥M ifSa!f:iSSis0.S.'*4€i.f)i.!f •5??-'̂ i'.̂ 5''-t-' V^O S''f#T:̂ /*'0'ir;ia.ssuivS"; E5;Mi&t-s.r;o:sBSfsssi?. 0 5 ' : ' ^^ ' SSf ; i8 ( - : ^ iK0 i - jgS 'WS' t 
The-Equlvaient Length 
of Pipe is: ra 0 0 0 0 0 0 0 . 0 0 0 8 0 24 
Enter Number of 90° Elbows: t^=5A;>r3'vOi-?>TA?-5SKS ?s.̂ ;=iSei.?:o.ss:-;-a-i>«'?s !Si&s'*sffl.o:sg*ssssa; &a'KK -̂so¥v7js.:!isfs , •-'.s:'ffia3so;?sai£j:sta . f * i tS *§ i i iO , * ;A© l f t 3 i e 'AgP6«f5EKiOi9F?SSr;W! '?»JS5^'.Ov:Sr?sc-':iS;s5 J3AS^-S.«0»-2?st?SS« 
The Equivalent Length 
of Ripe is: [ft] 0 0 0 0 0 0 0 0 0 0 0 0 16.7 
Enter Number of Tees (Flow Through Run): ifeps-.î -sorasisgjajs- <-fiSSS5*iS0iJ*5ffiS--iS£ !ga3B'S5«.%1i»r?!SSSf!;S S - ^ S ^ J K - ' O - C v S i ! - i E * ' S >m?3fi¥3®-'^o»s3S3;i-.*#3 t«8'^SKaS2'aSS?sSiig5fE3 i-s:mmmo-'.m:i4imii ;3S'SfeSS'*"';0f'«'4iSSS:S5 
The Equivalent Length 
of Ripe is: [ft] 0 0 15.8 0 7.9 0 7.9 0 0 0 24.6 0 0 
Enter Number of Gate Valves: '•^fi^SSifSO'i-rtjmX^S S'i«m«®*10;7^S;£#S'- ' , s{.:-ffiSJ?'*3o.mvaaa-:s •«»if,o 'S y-r^w.'S 5SS??®s0&' .ESr«t ;a j ' . SSPiW(gr®iOE.5SS=«fafiS,-, 
The Equivalent Length 
of Ripe is: [ft] 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enter Number of Globe Valves: !r»S£"ift/ts;osssfii s3s^.=?'i'i-*0'*;?:ijEi5iJ«>;5; SF'S'W^sopfs.i.sffirssi ®.t©Js*-?i^-50Si5ri'r?Slft'S ?ss&*f"#:ESo?<i2i'?s>is- •iS:^&ms&om.^»SiX *'S««i'aAS-0S.3fS3;':4SB 
The Equivalent Length 
of Pipe is: [ft] 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enter Number ot Ball Valves: 's*!!fSiTAeaiiO»5S*J4SiS5i-: sjS''affas:KO.'-iijjs!!®Mis.' -•=.C4?\W-e?.SK0-^^*it.=^«&ist: r5»'S-;'S.iiO.?;as«vSSP.fe : - C e f t * . ' * . ' f e S 0 ' ; S » - 1 i - . . h - a s S 3 ^ * . ^ c ^ : f ^ 0 : ^ . v i ' i 5 ' : t . ' * 5 i ' : •-•SXS^^^lKSf^OiSS^&^Wi.S-K'ff i -W.<SSW0}B' ie. '5*?S*' , . iJ^^^S^aS^aiO't??^- i,:*̂ isirs'.;;7 
The Equivalent Length 
of Pipe is: ra 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enter Number of Expansion Fittings (d/D = 1/4): i r " S ^ i 0 „ ? ^ 0 f t B * _™ 0 ' ~ «8 - * - i ' ^« 0 y T - -5. - OJ* ^ «!?*̂ -=5as-o -v J - ' * i « 0 t ' \ - «r 0 ' ^ ^ 3 - = . v ^ - ^ o-f-1 « J 0-1 if j i l S f V- 0 

The Equivalent Length 
of Pipe is: [ft] 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enter Number of 
Expansion Fittings (d/D 
= 1/2): Z ^ 1 * " - ^ ^ ^ -"Ssir 1 ^ 

^ . '^'^ •A^ 4 - -,3; 
• 'WW *—* - r *• 

§ =^ j r 

JO as ^ ^ 1i S l 3 8 5 . _ » - a J I j , 6 - i 

•» '̂̂ '' ̂ -̂̂  
J3:s- -» J i s - j r t . 

The Equivalent Length 
of Pipe is: [ft] 6.8 6.8 0 6.8 0 6.8 0 6.8 14 6.8 0 6.8 0 

Enter Number of 
Expansion Fittings (d/D 
= 3/4): V 0 . - " " ^ ^ o_» 

r 
* ^ 

-r^ ^ — -r̂ ^ ' ^ >6 

" « - t t . £ 5-

• ^ ^ ^ O - v ^ t « * o~^ ^ 

.r ..J^ ..jr ^ 

^"^,!!r -4 ' ^ ^ - ^ 

1 <F,» 0 \ -!S •=r 

^ - A - , 

""t-*'^^0-^-*-v"' 7 0 ^^•3^ o"' ^ ^ 0 
The Equivalent Length 
of Pipe is: ra 0 0 0 0 0 0 0 0 0 0 0 0 0 
Reducer Fittings (d/D = 
1/4): - . ^ 'o _ -*,o r " .>•%- 0 IF- «=s stfSs - v S - 0 „ ' i - t ^ •> SfO . a ^ ^ •?s 0 - t - j S , - V 0 - ^ ' ' H - t . ' ' -£50 » ^ V 0 !>><:•?- 0 ' - 'T ' 
The Equivalent Length 
of Pipe is: [ft] 0 0 0 0 0 0 0 0 0 ' 0 0 0 0 

Enter Number of Reducer Fittings (d/D - 1/2): ^ 10 1. '- « S- SB- 0 r O i t s ^ * - 0 If A, 0 1 !, ^ - . 0 V < -S- 1 ; 0 -, 1, • * ^ - ^ j - 0 ;#.CLJto 
? • it 

•̂ ^ 0 W - - " ^ 
The Equivalent Length 
of Pipe is: [ft] 0 0 0 0 0 0 0 0 0 0 0 0 0 

Enter Number of Reducer Fittings (d/D = 3/4): ,'P>'S''°S«j?nSSS?< * «̂  >-AteSSK;;0.-.,':t-3S';i-^ff-; 
l^ii^--'-^::^.^Sr^i^5^'S^^^w'^"^': 
s ; ; f e v * S v S ? O s - ? i . ' ? * . ! f e V ; KiffijSii^oisssSiissi, i%4--:%&Sio;>sfft«€i:< •#s®jfeoS^m«S 

The Equivalent Length 
of Pipe is: [ft] 0 0 0 0 0 0 0 0 0 0 0 0 0 

Enter Number of Additional Fittings: •ii!^hff^a&M^:.is 
* i i f t3 ! i 'a 'S i?AS!;*?e?'3^" 

sfiftfeSrtoMKiis ' ' l»A* .5teM; i r t -sr?t£- .^H&J 
'̂ ^-^3 '̂'7^ t̂î -^Sc t̂£^*^K 

J- i teSSJ^ jC^I .S iS^Sj ig^ :j:-V::'^^:b:S':V.}- & f a ^ i i « f e 5 ^ .S^RRd6.3Sf»<:^^'l •--;as:'Ste'&';;ffi0<i£«&7wi?3;. 
Enter the Equivalent 
Length of Pipe for That 
Fitting: Ift] '^iS»&l22;&?!®S'fe 3;^S^'.,i i*'32:7.K4«'r^% BCs;afe* ;̂o-:issr«i;̂ ^ 
The Equivalent Length 
of Ripe is: [ft] 0 22 0 22 0 22 0 22 0 32.7 0 32.7 0 

Total Equivalent Length 
of Pipe From Fittings: [ft] 6-8 28.8 15.8 28.8 7.9 28.8 7.9 28.8 14 39.5 32.6 39.5 40.7 
The Friction Coefficient 
[A] is: [dimensionless] 0.034 0.034 0.033 0.034 0.030 0.034 0.028 0.034 0.026 0.034 0.028 0.034 0.027 

The Headloss [h|„uq 
From the Fittings is: [psi] 0.0022 0.0094 0.0007 0.0094 0.0007 0.0094 0.0012 0.00936 0.0031 0.01284 0.0014 0.01284 0.00231 

TOTAL HEADLOSS [ h , ^ DUE TO FRICTION 

AND FITTINGS: 

Pipe No. 
Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. 

Pipe No. 
401 402 404 403 404 405 404 406 404 407 408 409 408 

hioM ~ h|oMp + h|Msr [psi] 0.0240 0.0175 0.0028 0.0224 0.0040 0.0214 0.0101 0.0214 0.0242 0.0236 0.0170 0.0245 0.0104 

Length of Pipe [ft] 67 25 45 40 36 37 59 37 95 33 360 36 143 
h|„./100 ft Pipe [psi] 0.04 0.07 0.006 0.06 0.011 0.058 0.017 0.058 0.03 0.071 0.005 0.0682 0.007 

TOTAL HEAD LOSS 
DPE.D (psi) 
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TABLE D2 
HEAD LOSS CALCULATION 

VAPOR EXTRACTION HEADER VE-1 

Enter Pipe ID No. : Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. 
?|3?STT^504-rr^3S'3 

Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. 
Enter Pipe ID No. : Pipe No. Pipe No. 

. '-•'•. •fyiHU^Jf^CV^A S . i ' - i f '." •.50«':u"."-;'-,tir'^fr 
Pipe No. 

?|3?STT^504-rr^3S'3 .. 'JiJIi^SOS" ni^!"-'' "'?-. 3?!5?;^rr^509. . . i ; - M . ! 1,11. #506 . j r ta^ - - ; ' 

Pipe No. 

From: - , Well Head-BAB-lf., w,-V.-WeliHeadbA&-J,'.fu •',;..5".PVC-S(H-Branch • ..Weli'Head BAB-Sii ' : . • 5 ' - i " P V C S 6 5 B r a n c h i ' - •--:..TwWelLHead r)AB4» • : ; , J ' ! .PVC'5M Branch-:; , i .Well Head.BABrSy :̂̂ ,: y*'4";PVC sift Header •:;. .•WelliHead BABTe,,. •:= . .2" PVGS66 Branch'V\ i-v.̂  Well Head.DAB-Z-

To: ; .4-PVC^508 Hea'der. i .•.Tif4"-pva508 Header,-*:- ' i 4 2^flVG:503 Branch- ••', •• 4^RVC-508 Header,-%j. ;-- 2- PVC 504 Branch'o.;* K#4J PVC-508,Header • S , ; . : 6 ; : P V G 509 Header''''.- ;•- .•-6: PVG-509,Headersl.^ :Vf.2::RVC.506:Branch- '<_ - -6-'PVC:509'Hisader S- \ t t . ' - - 8 " Mariifoldr-A!"-a-.-t i l - 6- PVG 509 Header 

Calculation of the Reynolds Number 
Re = [(d,vp)/M] 

Diameter of Pipe [df,]: [inches] 2.047 2.047 3.998 2.047 3.998 2.047 3.998 2.047 6.031 2.047 6.031 2.047 

Assumed STP 
Temperature [T]: [°F] 60 60 60 60 60 60 60 60 60 60 60 60 

Enter Flow [Q]: [scfm] » s ;jj-'*-*7« fc- • • ' i 'v '. '.- V 7 - ; - ' • ^ - ^ , .̂ •.-'i».-14.- '.': •.:...'x •.^:?.^.:m&.^:'i -i - v ' / i 21" ,a?c?Sv-^i: ;,K''•'«,7', i ' i ' j j ,• • • -':8- ' • ; -• ; : ' ^ - ' 7 : - ; . s j - y . ^ ^ £-Xi:.'rt--/ '35. •.'. , ,: v.49,:V'-£!!- i-K s : , s . i ^ M i 7 4.': 'i'f.::: •-,.-. 

Line Pressure [P]: [psig] i , = 1 - 1 ' ' V i . - - - : ; : . ? , •: " - i r ' - , iV.' u-' 

•<.'..• ;• 
'• 1?J,'fc'-1iSf;-' s •-- ;v ,. . 01 '7 r , . r „ . f - ' , ^>^'-i-11 17-; T-'i^r :< • ••' . :v,-•-11.. ; ' : - f i l -SS <i- ;&;Xs-^- l1 .'.:•, • : * : '̂  V • '•.rii " •'-•^--i-i-:; sw.i*?'; î."''5:>'r:. .-1 r'-sfcif„.-¥3 

Actual Air Flow: [acfm] 27.3 27.3 54.6 27.3 81.9 27.3 109.1 27.3 136.4 27.3 191.0 27.3 
The Velocity [v] is: [ft/s] 19.90 19.90 10.43 19.90 15.65 19.90 20.87 19.90 11.46 19.90 16.05 19.90 
The Density [p] of Air at 
T = 60°F [Ibm/ft̂ ] 0.01892 0.01892 0.01892 0.01892 0.01892 0.01692 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 
Absolute Viscosity [p] of 
Air at T = 60°F: [Ibf-sec/ft^] 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 

The Reynolds Number 
[Re] is: [dimensionless] 5,332.83 5,332.83 5,460.88 5,332.83 8,191.32 5,332.83 10,921.76 5,332.83 9,050.15 5,332.83 12,670.21 5,332.83 

The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow Is Turbulent. 

Calculation of the Friction Coefficient [A] 

If Flow is Laminar: 

Flow Nol Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar 
The Friction 
Coefficient [A] is: [dimensionless] Flow Nol Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar 

If Flow is Turbulent: 

0.037 0.037 0.037 0.037 0.033 0.037 0.030 0.037 0.032 0.037 0.029 0.037 
Enter Friction 
Coefficient [A]: [dimensionless] 0.037 0.037 0.037 0.037 0.033 0.037 0.030 0.037 0.032 0.037 0.029 0.037 

Calculation of Major Headloss Due to Friction 
Loss 

Using the Darcy-Weisbach Equation 

Headloss h,,». = A (1/ d^) (p v'/2) 
Relative Roughness for PVC, CPVC & ABS [E] = 0.0000233 

Enter Length [1] of SVE 
Ripe: [ft] •:;•!• -fe ;4 'ivsammi sSi j j i '^ f i>:?f.v: ioi : ; i -?-;s '^,X-> •l'^20'J^'%:iiii w.i.:::tJiJ.'-.23S^..WimSii:. 

^ ' ^^ v^iV ' ' ' -v"- :.^,5 
i,i3-'i«i;-!141.-;-..'^''''jdr.-;' 

•'f^^^^.^^^'^^'^zAr-•^l 
j V - ' ^ ^ ^ ^ - ^ ^ i ^ ^ ^ ^ ^ / . 1- a#rdi>-i 2Bri^3-'iw^, 

The Headloss [h^^, 
From the SVE Pipe is: [psi] 0.0088 0.0018 0.0046 0.0018 0.0059 0.0018 0.0087 0.0041 0.0024 0.0049 0.0039 0.0145 
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TABLE D2 

HEAD LOSS CALCULATION 

VAPOR EXTRACTION HEADER VE-1 

Enter Pipe ID No . : P i p e N o . Pipe No. Pipe No. P i p e N o . P i p e N o . P i p e N o . P i p e N o . Pipe No. P i p e N o . P i p e N o . P i p e N o . 
••509"^^:.'"^..''"" 

Pipe No. Enter Pipe ID No . : 
' . ' - S i S O I ^ ^ v ^ ^ ^ i V r''?r~:^T502;!.-"'i..^-.: r tv - " - ' •• ••;508^-'^' ' !5T;- ^ ' - j i ' ' • ••. . - 5 0 3 ' - / -" i 

P i p e N o . 

* : ^ : • ^ • - ' " 5 0 4 - ^ i : " ^ ^ A v • ^ . 4 ? i S 0 8 ^ i , . - ' * : . - = ; -' ;- —= •••, '.•sosTr;;̂ :̂ -̂ ? -:•'•-:••'•:rl '-506:'"#: -Sir 

P i p e N o . 
••509"^^:.'"^..''"" y-r-'.r - • - • '.r^ 5 0 7 ^ ^ 3 5 ? ? ! 

From: •.•,-;WellHead,6AB^^i.. '• ..••Well;Head:DAB-J-,--: i iPVC-bbiBranch,.. ,-^ : Weill Head:DAB-5!. • ; : . » J " W C 6 6 5 ' B r a n c h , ,.-.'- .Well HeadBAB4->-: e - J f r P V C S M B r a n c h ' . . .Well..Head.DAB;5'.-' .i ' : i i 4 " ' P V G sbft Heade r •. • Well Head;UAB^ - , - ; ' S ^ P V e Sift Branch- ' .'^WeiiiHead HAfrT'f.j.^ 

1 To: •.f - ̂ ' pvC-SOB'Header^.-' . - i • 4 - - P V C - 5 0 8 " H e a d e r • . :2"-:RVG-503Brani:h'.-•, . •-4";PVCr50B Header. ; r , , V 2 ! i R V C ' 5 0 4 B r a n c h : , . / ;«4- PVC-508;Header'' i; " . • :56 l R y C . 5 0 9 ! H e a d e r . ' , * : .6",PVC-509 Headerlvfi: i . ' t . - ! '2: iPVG:506'Brar ich , '.•6"--PVC-:509:Header,.r*; ^ ^8^Mariifoa^^ '• '^V ;. •6-PVC.509,Headert*: 

H e a d l o s s F r o m F i t t i n g s [h,ouf] f o r P V C : 

Enter Number of S T D 4 5 " E lbows : "*;,':.^^Ai*';0m''»2gs?i--"a'' i . ' f f - . - ' - V - S j ^ O / i i ' S i i K ' i ; : ' : ' • ^ ' . 1 : 0 1 : ! ' * ^ vA^i -V.'^ •• -:', .«• ;:• 0 ̂ . ^ ; - i ' i •. /xSS^i^OSiS^i^li., .'.•JHT:. " '-: •• 0 JsSi: : ' i i iJti ' ;3>"»; v.-^i-r?: i ' 5 • r̂  5 i ^ v * * ? : i « ! * ; -it..:"'' .'A-'-i' .i-O'rJei'm •'-iX .#,i.a;t."'rf.:*;o'.v S l:: v f:: '^'•:^.^r.o.i^'m^^^^^-
T h e "Equivalent Length 

of P ipe is: [ft] 0 0 0 0 0 0 15.3 2.6 5.1 0 0 0 

Enter Number of 90° E lbows : : s -••,.'%.i:if-*Ai:'5: Jf *.is-? i ' : : i&' j : \^.o'. - . i . ^ ' a - ' - f 'S• -r-^"- -i.O-i-Sffi-'T-' S • O'S.irb. t ^-T ^'' ^.^tt^K-^OV^.'..':•:< "2 - • • i ' ^ - O ' l S - J - " " A «*":;Hi^^.'S¥05;;'-i^^ •:- , -.V-• y-on:--":^'^-:^ Sa:s?- , - ; . i?%- ;0 ' . •.•=,.--5-.^ ; ' r ? •.•'>.<i;3.?.'--? -%C-.-"-5 •'Si^'. 'r '2-*=i-'^v V i i - 3 i ? ; 0 i - c \ " a ? ^ S i ' 
T h e Equivalent Length 

of P i pe is: [ft] 5.7 0 0 0 0 0 0 0 0 5.7 33.4 5.7 

Enter Number of T e e s (F low Through Run) : -.-r: - - ? . i j ^ f ; * j 2 S * 5 9 * a u , \ 5 e'.,-C'S...-,>0-Sfri-- '>.3-V^-. > S V ^ t i --fi.l i T S j * * . ; 4 ' : ' J ^ JS^-='J.1' ' • o : ^ V ^ f ; \ . - C ? û ''a-7s''̂ w ov-')''-,-;: "•. ••.'.':r'. : i ' ;o-. '"?i':^;. ' '- ' \lt'ififi;4V.i2V:-'-:.- •• :"'.\^ -0-<^--v :•-•£:; L ' iS? ' . " - ' i S .'0.' *-: •••-'. .-- i i .•-• • •i'.-^'i 0.i--'^t'¥i''¥S£ 
T h e Equivalent Length 

of P ipe is: fft] 0 0 15.8 0 7.9 0 0 0 24.6 0 0 0 

Enter Number of G a t e Va l ves : -T •:s.zru; .'K 0. ."f ! * y:T,v-J'- . ;u:" ' '0," ' .• : . ' . . - i V V'C?^:.:t5o;.^s^v:i r 'i'^i''L--W'":".'''-''0';":^.'^.'?'',?ij--: ''Ti'-^'.^'S^'r-iO^ -•! ̂  i / = j ..-JV ' O . v S ' ^ a ^ ' - •= ĵ 3Mt,siii34o:?s-s.«i -r- .o •••''•.̂ •••-'«0'L-' -v. 4. '?i;i:-"r ••'••-oii^tr .--5=" S-̂ rK'sE-s-'o-i)'.- »r;-' .-
T h e Equivalent Length 

of P ipe is: [ft] 0 0 0 0 0 0 0 0 0 0 0 0 

Enter Number of G l o b e Va l ves : •h i A-^"".i-'$f:^.0\!,^ • . '.̂ -1 ^.'''VJ ^ ; " ; ^ S - . K ^ - . O f - " i , . . . V.'- J . •.;.--*.tOff't-'*i''.r#;-S''. !V.:'-;-o -.- : ;>j ' 'V:, - i ' '̂•,«';-at??'̂ 0v;;?*; ••'>j-,''V :-•',-•'•.•:.'.•'7 0--•','''.'"'.!=::-?. i-^^nrif-Ky^O.c'--^-''^'^''''- ••V"-•.''..:*?• V^OP* - .~ ' .H : ^J . ' - - " ? ,̂ e<--7.ri--,o>.-;,-,.-' ; . •• i W ' . : - . ' ^ ^ S l f ^ - y f O : i . - - ; - v , - •.-?i-».^':0.:<t^.iSigca 
T h e Equivalent Length 

of P i pe is ; m 0 0 0 0 0 0 0 0 0 0 0 0 

Enter Number of Bal l V a l v e s : s i - ^ s a ? ; .•&i i0. f l - ; -¥-f t^.t^i- •^.:'a.;--= • - ; 3 ' 0 ? J . ' , - ' ^ u r r : . . :y.^:>..~^'-. i^^O^.WJ^'ci^i-r^-t :^s^?-f.^..=?-;Oj«? „ - ; . - . > ; l i i ^ i f r t W V 0 ^ f c 4 « : . . ? . . ' j .v*t?r<^-;T:0-aff's«r'j.' i .^••<i.j?,;i! '" iO; " f t k j iS j fca i i !S* ' :« iU5: ; ! ' : ^? :v j : ' y . - iV-,.--.',.:0Js»aft5f-^-''s.5-3 i <':;-«Ha:'s.O ,-t. -'.' '•sft:--^ • t ' :?0/ : ; * r S i ; ' S ^ 
T h e Equivalent Length 

of P ipe is: [ft] 0 0 0 0 0 0 0 0 0 0 0 0 

Enter Number of E x p a n s i o n Fitt ings (d/D = 1/4): f*:.%'...*J5i.:':o;ii;-acj5wK.' •̂s»«s5sro?^K#a?39 ^:i^~:jwmxosM-sik'?y-s w=iSymm'So?&>'-^s'f ; i - - 3SB* r -5 :? -0 • .S i l i f ' r ^ . j i g t-:. -Vii.?i?i3';i .I'JSgii a-sSifl •©s??i?V£Sor#£vi,,r3'.:;v 
T h e Equivalent Length 

of P i pe is: [ft] 0 0 0 0 0 0 0 0 0 10.8 0 10.8 

Enter Number of E x p a n s i o n Fitt ings (d/D = 1/2): . « ^ ^ J V : ^ . ; j i i ' ;.;:•>,:''/.';' Y f ' • 'S%' : i i « ' i i ' : i ' . : v 'TS i 'fn^i'?''si.Miw^'ix-?i':.: fi-•,"'V8>.<-.C'i1»iVlA.'^'„'SiS: ' J •>•^^^fiiS^*^ i ' i : -S - - j - ; "if.' -.' • S'.'C>-;."--,'-.13:?rS •J-iis-'A-t-jsfSO-.'-.-i^.'ft -•;..,.' •••::^m'^msii:f*iMm 
The Equivalent Length 

of P ipe is: [ft] 6.8 6.8 0 6.8 0 6.8 14 6.8 0 6.8 0 0 

Enter Number of E x p a n s i o n Fitt ings (d/D = 3/4): i^J^j '"^O^ff ikX^ „. - t i ' - ^ r P -11 ;0=: ' J l i r - " - i ' • 'V^L'i°?'io:5i^f?M 'I î ^OrHvSK^ft 
The Equivalent Length 

of P ipe is: [ft] 0 0 0 0 0 0 0 0 0 0 0 0 

Enter Number of R e d u c e r Fittings (d/D = 1/4); •ij.'i '-,Jrfb-Tt\-:i-A£ '•'5 ' ' 'V ..^.i^Sr^.-i'S 'Ps^tf iaO'. v-i; '';'•'; : .'•' . * , . 0 ' "-Iv .••::'^l'..e - ^ . ;• - ifv..-.. 0 .r^: ^.i?. 

T h e Equivalent Length 

of P i pe is: [ft] 0 0 0 0 0 0 0 0 0 0 0 0 

Enter Number of R e d u c e r Fitt ings (d/D = 1/2): 
••"^>!-.6vftH:-fs^-* ' ,s=Bi:; ' . ; 

? v ^ y ^ ^ O j ' ^ S i S f t J S , ^ 
; ,rsT:£:i i A -. 'w% 

i!s;1---JtS.V:' '0'-, •••:>.-:w^^'5 
. : " : . •'.T;!.^'ir:' '; '->S''e; 

te-':./ir:;;-.^i:/^;y^-v;?ig :-y-' %>, t * ? 0 . - W « S I ^ ' i 
T h e Equivalent Length 

of P ipe is: [ft] 0 0 0 0 0 0 0 12 0 0 0 0 

Enter Number of R e d u c e r Fittings (d/D = 3/4): 
''>:r'^m'Pfssm¥'^m 
'V'^^-i^mkMMM 

•a"- •••,'<•, 't'g'-V iT't^'^*"--'!: '•^^'i 

. -H»-i»r'>'';ft-J OjA'J- - - i - v i .S^^Ssio^ffiS Trft'K.ja •.•'•.':j'a;-'.̂ >'--s--isK ;̂ 

S S l S - S o i i S i E M ĵ 'T'̂ j •fe-5;o€r̂ &;iss'S1 S=^•:S&•J^^!a&0'^^^r^'&.J^,*. S®^,i,*)J!50iti^aSI:si*lS; ^ • ^ L J g ^ i o S i a ^ ' 
The Equivalent Length 

of P ipe is ; [ft] 0 0 0 0 0 0 0 0 0 0 0 0 

Enter Number of Addi t ional Fitt ings: 
¥Vi:Silj '^\: ':T''-v^$r^ 

''S ss*';ri-i:<. -al '^'r:-.' -j." .. ::v .-'t.^is^mL^^-Si--:''- --V'''•'.J'•X• '̂'-^f '̂̂ ^:^:i V;' f , . i : - j-'.---'.'5^0j<--'.rs^;^u",".. ^«i:$;^:-^ll|pKi i''!r.'SL4i:Sî 0Ji€5y.-£t̂ ^̂ ^̂ ^̂  ;:̂ 'i f ?^:5i^^^:b^iS ,.4,-*.'T,...UjtV- >1;̂ jiv:, ^-S^^^i.-r 

Enter the Equ iva lent 

Length of P ipe for That 

Fitt ing: [ft] 

. Ji^^'^i^. ••.••.^•Ti;^A'-^' 
->-V: j . ' r,s'̂ fi<C.'.s-: 

. -': tr-̂ '-; rifcO'r-••4'S^ : 

'l'''''/^^..'^.''.i':iii^t^Z:^SS'f^,-~:~ 

; ••:. ••'r}'--:J::.Oi:k!^Aj:S^:^:-i '•3i;i:2S^\^^:'ia^-!-, 
®'̂ ';̂ )̂ ;-'4i8S 

••;: .i •'jii'iV32;7. -£t.^y:i ?si%ft'̂ '!̂ 'i'̂ -'̂ *' -'••^•?.:^::6i!m:i-:^X^ 

'iS'iftS;'K^:t'!>*-''i^ 

'•>^?'- ' . '>>i32:z- '^. - : ' - i . ' i t •-• • <'jt.-_*'i32;7r3«KaiSi»S 
The Equivalent Length 

of P ipe is: [ft] 0 22 0 22 0 22 0 32.7 0 0 32.7 32.7 

Total Equivalent Length 

of P i pe From Fit t ings: [ft] 12.5 28-8 15.8 28.8 7.9 28.8 29.3 54.1 29.7 23.3 66.1 49 .2 

The Frict ion Coef f ic ient 

[A] is : [d imensionless] 0.037 0.037 0.037 0 .037 0 .033 0.037 0.030 - 0.037 0.032 0.037 0.029 0 .037 

T h e H e a d l o s s [h|oMf] 

F r o m the F i t t i n g s i s : [psi] 0.00221 0.0051 0.00039 0.0051 0 .0004 0.0051 0.0024 0.0096 0 .0005 0.0041 0.0020 0 .0087 

T O T A L H E A D L O S S [ h ^ J D U E T O F R I C T I O N 

A N D F I T T I N G S : 

P i p e N o . 
Pipe No. 

501 

Pipe No. 

502 

P i p e N o . 

508 

P i p e N o . 

5 0 3 

P i p e N o . 

5 0 8 

P i p e N o . 

504 
Pipe No. 

508 

P i p e N o . 

505 

P i p e N o . 

509 

P i p e N o . 

506 

Pipe No. 

509 

P i p e N o . 

507 

[ps i ] 0.0110 0.0069 0 .0049 0 .0069 0 .0063 0.0069 0.0110 0.0136 0.0029 0.0091 0.0059 0 .0232 

L e n g t h of P i p e [ft] 50 10 185 10 120 10 107 23 141 28 128 82 

h i ^ l O O f t P i p e [ps i ] 0.02 0.07 0.003 0 .07 0 .005 0.07 0.010 0.06 0.002 0.03 0.005 0.03 

TOTAL HEAD LOSS 

VE-1 (psi) 

0.109 
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TABLE 02 
HEAD LOSS CALCULATION 

VAPOR EXTRACTION HEADER VE-2 

Enter P ipe ID N o . : P ipe No. Pipe No. P ipe No. P ipe No. P ipe No. P ipe No. P ipe No. Pipe No. P ipe No. 
- ^ j E r s i o ^ T " 

Pipe No. Pipe No. Pipe No. Pipe No. 
. l ' . . " « 0 6 S r t - ;' 

Pipe No. P ipe No. P ipe No. Pipe No. P ipe No. 
^^.•^.-^eiej?^-?* 

Pipe No. 

i^s^^eie'^'Sr 
Enter P ipe ID N o . : 

^ i . -T . 6 0 1 - ' . ;• • . : ' " 6 0 2 ' : ' - T ^ • îrTsos .̂T'-'ir • '.teiT. '' .^--i i f . \ : . - 6 ie ' ' 5S^X 
Pipe No. Pipe No. P ipe No. 

- ^ j E r s i o ^ T " ' - -^' S l S i • • ' , -60 '4S5^r 
Pipe No. Pipe No. 

. l ' . . " « 0 6 S r t - ;' 
Pipe No. P ipe No. 

^ i r :T-e i3~-?" , . - ' f J S I * . • t i 
P ipe No. 

^^.•^.-^eiej?^-?* 
Pipe No. 

i^s^^eie'^'Sr 
From: 'sWell Hsad,DAB-8 Wol lHeadDA- l - : .-Woll.Head DB-1 r PVC-eOrBranoh 'Well Hsad DA-7 -"WollHead:DB-7., 2^PVC619+ls«ier ••:Well Head D A 4 WellXead D 8 ^ - 2" PVC.«19 Header .-Well Head DA-2 ' .(Wsll Head D S - 2 ' . J : :vWeU Head D A : 3 . WellHead 2 ' PVC.605 Branch 3 Well Head DA^e: - . Well Head DB^^r- 4". PVC 608 Header ,4-.!PVC 614 Header 

1 To: •4-PVC-615 Hoader. 4" PVC-615 Header' i2-,:PVC-602:Bran'ch" 6-.PVC ei6:Heailer 2 ' PVC.S19 Header 2-RVC-619 Hoadoi^ S ; P V C V t e Hsador. e r - m O B i e Header 4- PVC BOB Header 2" PVC605 Biianch .4-,PVC 608 Header 4 - p v & e 0 8 Header .4".;PVCr608 Header. 6-.RVC 616 Header ^2" PVC.«14 Brari'tH e"-.PVC 616 Branch :21RVC,ei4'BiBnch .^r, '8-,ManlfoldK:j 

Calcu lat ion of the Reyno lds Number 
Rer= t (d „vp ) (M l 

Diameter of Pipe [d(J: [inches] 2.047 2.047 2.047 3.998 2.047 2.047 2.047 2.047 2.047 6.031 2.047 2.047 2.047 2.047 3.998 2.047 2.047 6.031 6.031 

Assumed S T P 
Temperature [T]: l°Fl 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 

Enter Flow |Q): [scfml ^ .^•" •• 7-i^55£'y''= y ' u .... •.-_'t5>i.̂  .7 i -A '*k- :5 ; ?& - i , " : 21 • :- :^ii^74"- -^:..i . i . ;#.. . i i45»,.. ' . is-# i'^-f -,.s 7 i i f t S ' r.7;-.'-,.Xi>'? !'•T- ,W49.;... -•<i- W V:-.7r..J^:-,<i- .^•5'"-iife14'Ai.?;iS! i''::^;^ •-•'.:7^i.^H'^- .•'*;fev".:-'7 ' A a i t m j - -•-,.'••..: 7 ' 3 ? f t H ..r:.*.3, '.14 -• : , » - • . , 5 91,^^:? :•.-. - • •^•T i 1 0 5 : J E * f -

Line Pressure [P]: [psigl 3'v..i.' •,:';-1^1?v:i».:^l'- > ^ 'm ie - : i n : »v , - 5 iC?-.*. . . -11Ji ' ! iZ^' i , iS 'KK- i - . I . IS fS 'V . i : iA viM:; - : •t >1,1.JE/"3'^:» -r..'^^<3!j:Ei.r i....-:sc-.V-* ' '•' g a i . * . ^ - i i i \ S j f f i f ' i i •.:J!^'^-1 I C ' '•K+'-JF J ' i i a - ' A I - I W ^ ; ' : la-'-UrSi-tlf; Wii-'; -••-IP-Jty^: -:•-*<? «.-1.1S' 1 •*:&-;^"11i '=; 'r- •'£,iLi:»>Mi * ; • : * ? : 

Actual Air Flow: facfml 27.3 54.6 27.3 81.9 27.3 27.3 54.6 27.3 27.3 191.0 27.3 54.6 27.3 27.3 109.1 27.3 64.6 364.7 4 0 9 3 

The Velocity [v] is: Ift/sl 19.90 39.80 19.90 15.66 19.90 19.90 39.80 19.90 19.90 16.05 19.90 39.80 19.90 19.90 20.87 19.90 39.80 29.80 34.39 

The Density [p] of Air at 
T = 60°F [Ibm/ft^ 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01692 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 

Absolute Viscosity [M] of 
Air at T = 60°F: [Ibf-sec/ft'l 3.74E-07 3.74E<I7 3.74E-07 3.74E-07 3.74E-07 3.74E.07 3.74E-07 3.74 E-07 3.74E-07 3.74E-07 3.74 E-07 3.74E-07 3.74E.07 3.74E-07 3.74E-07 3.74E.07 3.74E-07 3.74E-07 3.74E-07 

The Reyno lds Number 
[Re] Is: [dimensionless] 5,332.63 10,(65.65 5,332.83 8,191.32 6,332.63 5,332.83 10,665.65 5,332.83 5,332.63 12,670.21 5,332.63 10,665.65 5,332.83 5,332.83 10,921.76 5,332.63 10,665.65 23,530.40 27,150.46 

The Flow js 
Turbulent. 

The Flow Is 
Turbulent. 

The Flow is 
Turbulent. 

Ttis Flow is 
Turbulent. 

The Flow Is 
Turbulent. 

The Flow is 
Turbulent. 

Ths Flow is 
Turbulent. 

The Flow Is 
Turbulent. 

The Flow Is 
Turbulent. 

Ths Flow is 
Turbulsnt. 

The Flow is 
Turbulent. 

The Flow Is 
Turbulent. 

The Flow Is 
Turbulent. 

Ttie Flow Is 
Turbulent. 

The Flow Is 
Turbulent. 

Ths Flow is 
Turbulent. 

Tha Flow Is 
Turbulsnt. 

The Flow Is 
Turbulent. 

The Flow is 
Turbulent. 

Ca lcu la t ion of the Frict ion Coeff ic ient [A] 

If Flow is Laminar: 

Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar 
The Fr ict ion 
Coef f ic ient [A] is : [dimensionless] Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar 

If Flow is Turbulent: 

0.037 0.031 0.037 0.033 0.037 0.037 0.031 0.037 0.037 0.029 0.037 0.031 0.037 0.037 0.030 0.037 0.031 0.025 0.024 
Enter Fr ict ion 
Coef f ic ient (A): [dimensionless] 0.037 0.031 0.037 0.033 0.037 0.037 0.031 0.037 0.037 0.029 0.037 0.031 0.037 0.037 0.030 0.037 0.031 0.025 0.024 

Calculation of Major Headloss Due to Friction 
Loss 

Using the Darcy-Weisbach Equation 

Headloss hb.. = A (1/ d^) (p v /̂2) 
Relative Roughness for PVC, CPVC & ABS [t] = 0.0000233 

Headloss From SVE Pipe [h,o„p] for PVC: 

Enter Length [1] of S V E 
Pipe: [ft] •=#iiilii.i6V;î V'' 

i-£ir^:-^m:^: 
* .'A 

.•;-fJ?'i '^?t;. 'v,-isrp 

-̂ •>5*̂ i32iSKt 
-•.-.- '^y^^/^'f^.- ^ 

-.^5. i . i2s.: . ."-: i 'i?-¥.'E^,VS'-''5t''f^ .-Ci^if-J.'. ' 1 2 •..r.iTii'..-
-mmm 
-:r : -A ' *90= ,c - ' " J 

' i "^-.K.10'4;S.< ;••.-• •.^:i5'ii6V!ft'?S 

•'-'•.^^'•'-5?yi2-VT,;'-j 

: i ^ i . . i i '& i56 ' - 'K j -S 

^.t?%rri'--l?:'.£f::'^^ j!"*2«'-:i''7S'!'-iW* 

.^SiiiUO 'M'i'J. 

'Sr^i^i-ji^Mifi^-'&i 
s^- i j« • , rv i * i ^^ . '7 - : 

-f:-..n'' ^'5iy^.%j^ ;.rS.*¥j164^.;'.1cfc 

fi.a¥-j;'.?.';;ii.'':2psFij 

^a^i;;2bm^•^ 

.i't'-r • ! • .5 ivi.i^-L::r:fi' 

*-4!fu-^9^«>?-'n: 

The Head loss [ h | „ , j 

F rom the S V E Pipe is: IPSi] 0.0194 0.0046 0.0014 0.0065 0.0021 0.0021 0.0523 0.0018 0.0018 0.0048 0.0009 0.0639 0.0009 0.0009 0.0125 0.0035 0.0320 0.0071 0.0181 
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TABLE D2 
HEAD LOSS CALCULATION 

VAPOR EXTRACTION HEADER VE-2 
Enter P ipe ID N o . : P ipe No. 

•^ ' "^• ;^6oi i r^ '^ 
Pipe No. 

~'rrnT602ir^rr-
Pipe No. P ipe No. Pipe No. P ipe No. P ipe No. 

V 7 ? ^ 6 1 9 ~ ' ? ' ^ 
Pipe No. P ipe No. Pipe No. 

ii ' 6 1 6 ? " ^ 
Pipe No. 

^ r M 5 J 6 0 4 n i ' 7 ~ l i 

P ipe No. P ipe No. P ipe No. Pipe No. Pipe No. P ipe No. P ipe No. 
'-; j ;-;?;-616TrrT<i' 

P ipe No. 
: jS!'=r.6i6'i i^ir; 

Enter P ipe ID N o . : P ipe No. 
•^ ' "^• ;^6oi i r^ '^ 

Pipe No. 

~'rrnT602ir^rr-
Pipe No. 

?i-i7..615;Ti;.> = ' • - ' I.- 6i7..-^ . -ii '618 

Pipe No. 
V 7 ? ^ 6 1 9 ~ ' ? ' ^ '?arT609j . . ; •£ f..., ; i - 6 1 0 i - V / j ^ . 

Pipe No. 
ii ' 6 1 6 ? " ^ 

Pipe No. 
^ r M 5 J 6 0 4 n i ' 7 ~ l i TSCsziM j ' - J ^ . . 6 0 6 S : i ^' '^ ? .•',..607i: •7 'H'608 :'.{-' - . . 613 : . ' - i l . . 6 1 4 ^ l ' . . l t 

P ipe No. 
'-; j ;-;?;-616TrrT<i' 

P ipe No. 
: jS!'=r.6i6'i i^ir; 

From: ': Well Head DAB-6 Well.Hsad'DA-1 - Well Head. DB-1 :Z:!PVC.e01 Branch 3 Wall Head DA-7„i :-.,W8UHoadDB-7'. 2-RVCei9+leader JcWell Head D A 4 . : -'.Well Head D B ^ : - 21 PVC-619 Header ' Well Head DA-2.-- i'-Well Head DB^2 . • Well Hoad:DA-3 r . Well Hsad:DB-3- I2:-PVC'605 Branch » Well Head DA-6: ' ',Well Head;DB-6r 4-,PVC 608 Header :4" PVC 614 Header 

1 To: 4-,PVC-615:HMder 4- PVCreiS'HBador 2-PVC-e02 Braiich er, RVC 615 Header •2"-PVC.«19 HeaSe? 2". PVC-619 Header .6" P V C ^ i e Header e".PVC-616 Header F.PVC-616 Header 4 - P V C 608 Header 2- PVC 606 Branch' 4-.P.VC 608 Header 4':'PVC-60B Header 6:PVC'616 Header ;2:.PVC-614 Bran'ch :6".PVC 618 Bra'lich :2"rRVC 614 Brani^h i . i •8".-Mamfold- ' -i 

Head loss From FltUngs I h , „ „ ] for P V C : 

Enter Number of STD 45° Elbows: :•..: ,;o-' • - - ^ O i / " ' • .. ~\- ^o i . : K '< -0 . • '.' i. •-.•••-.• 0 ' - : i i •:•• :•«•. 0-£ •;.:•' 

••.• 
. ' • * - ' . .0 •; i i l i - ••f . 0 .,>vS,-.- ' - - . O ' . • - , « - 0 / i ? 0 ; - " • • • • ' O ' ; . ' , ' . r-:^^, 3: • i '. "-•I. i- i-o . ' • ' ' : ' •':;.<OK'-.V'--i' •••'-.j'#.;s4''-; 

The Equivalent Length 
of Pipe is: (ftl 0 0 0 0 0 0 10.2 0 0 0 0 0 0 0 15.3 0 0 0 32 
Enter Number of 90" Elbows: 'i^'-l'i'-'M'.'-f'M''"^- 1! T"-.wSO?'i,-Jif : ...••••:i.' •.•••• • : o ' ' i i f ' i - i •• ••' •rf:^ox'-'i:i^..; '•Siiie'-^-.O*;'•" •'-••» rj&.-, '̂--.o.'.- !..'•;.!;« :•;• .K -OVytr^-' ••- '•- -J o,-i;:."=- ' ' . " • S ' ^ l - r . '-'.?:' • i S . ' V - O'-^fT*-;;.:; • , - i f o;?.t" ' ' '«'- il-SiTiiAl.>i.T. : ' •siw'.'i .=i: :i:'i iii^^'i.'osri-st® a£".;.««o.«'.rAc 
The Equivalent Lenytti 
of Pipe is: [ft] 0 0 5.7 0 5.7 0 0 0 0 0 5.7 0 0 0 11.4 5.7 0 0 16.7 
Enter Number of Tees (Flow Through Run): . _ V j . . , - 0 : f i - v v . • ' - 'AOf . V..- • -~h':--0 i \ Ti -^Ci •' 1- ''--I- i: -: . i'l'-.W.r- -;:-• -."•• Of t .v . ' •'••-•'iitf^il li --.i. •iS'S'-'.iO •..-••vX ••- • ' : i .' 0.:'"^^--..^ ;• ;3 : :^ i . : - • >.;;-,-£--lt '• .'• •.•.-i;-'¥'.vv.o.i^: ' . ' ^ i . - , s.ori' ' 'Af : • . ^i:'0;.v :•:•••. .-. r-.rar-2' '-.•«•• •••:;. . - 0 •.••-!. :• .•S'.»K--.'i;!Wi«i.:. i..-V .i*'r'1>-.'ft»=*i;-. •..•:".'i:-a;o,' 'sv-'-̂  
The Equivalent Length 

of Pipe is: fft] 0 0 0 7.9 4 0 7.9 0 0 36.9 4 0 0 0 15.6 0 12 12.3 0 
Enter Number of Gate Valves: ^~..r-'̂  flo'i'".."*.:-.-^ i " . - : - ' i 0 a 2 i i ' t . ?W?.S:i!0 ' " • 'S* >" -.1 "̂* 0 --'i2:7j.Ti.'̂ i •̂ •- •'••'"'iO.®":''-'';, • • A ^ S r O A .4v-f' *"'.:: '̂:'--'-;O.Jt-!);:fi- :•' "'3-i.-'^'»0'^^>r,?.'i -.;-'':",-̂ ;o.--̂ ' Jt i ; i f , . : : ;o.-„ .£3i '_ ' >• -.-O'-i?: v:' •r=rvo;;:i^.-i:: 5:.j'--4'>;o.:.- . : ..'.-• 0 ' • i . ' O ' - i i ^ ^ ; ; ' S>-. '^~0Sg'!ft.7,.;; , * . „ ' . » ? ' i O L n ; S ~ 
The Equivalent Length 
of Pipe is: [ftl 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enter Number of Globe \ /a lves: V i . - "Of .••'.*!;N:^ . " . i ' ' ^ : : O w - ; : . , i :-jsni^o. iso.'.-..?.. o ; ' • « 5 f . ;••• 'rnoi.i'.sa; .̂ '.•.'i,:';:Oa.t •.«•• f .* ' -v3^S0. .••• : .?• '•L-.:i'.-^;-0:iv^"^,S: '.:••' .:•: .o.-rSV'-!: '̂-.-.-jt-ii •7ioa,'.Yv-i: -Kl-i.'?.0'-r^:'i^'j: " t'.h- ---Of: ,>:'.,•;•«' ^ i r ; . ' O j / - i -• • ' - . - • iOS' . i '! . l •"•."-^i,;'.. 0 : i i- K ; i ' " i * 0 : ' ^ « i h : ••'•••..i*i*:'Ow '-in -7-^ 
The Equivalent Length 
of Pipe is: fft] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enter Number ot Ball Va ves: • .W:. 'p .0. _.- •-':-' . . 0.y. : ••"•(•^r-^-D. • :>..'. • . — i5 • •- ' • - ' i O ; . • • : ^ : - 0 ' . -•• i i - ; ;-.V-r' . "0 j-^^^-'i?;; r.- .-.-.J • 0 T'U'r.:, . •» :^<SOj : - •• ^ •:•-!* 6; i ip^J i ' . - :0 i : . : ' - 0 • - , . A - • f f tW feO* . . • •r.:-.,,.-Oi-.-.L-iiipA. . i ^ -E- O f l V . . ? - • "V-^iiO • ' ^ - i 
The Equivalent Length 

of Pipe is: [ft] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enter Number of Expansion Fittings (d/D = 1/4); ^>:-"^'. -OV . • i ? K . •f: •r--i.-:O f , • _ , .^••^••y.^-0^ •jii.-z.:r '.•:-'̂ -':r o. r-i'*.; .V.-,.;'>if-0-'-'fi '*'ii . •:>.'«.''0̂ -; •• ."-• ^^'^--•-•jy.'j'-uT-is i l -Wi . ; ' ,1 . ' ; ' { i \ . : i . '•i'On.-.'i. .=•-.- ^"»i:Oi-•",.'?: •)r..=?0'o*.,-»>-is •;\V;' • • ;0 i ib" -.2 ....•i.«;i.'.OA. :4 •-^.it::j>30:.'v. ;^5^,•v•"i.1ii•,"i":s;p.• ' .' :.:'0l7.5?-,- :.?:'i,'.''-..:'£0--K-5A-
The Equivalent Length 

of Pipe is: Fft] 0 0 0 0 0 0 0 10.8 10.8 0 0 0 0 0 0 0 33 0 0 

Enter Number of Expansion Fittings (d/D = 1/2): '^•'i^-iiffiSfp: •• iris^cteirBi' &.P::^o'Sma ^ 5 . i ^ 2 i ' ; v - i i 
' S^^r* ? •. • • , • , : ' ^ ' • S ' 
: i:v( >".'0' -'-.fr- ;-'••';--•• .b'-fi '̂i i.- '̂;osS---s-' :s 'M?b;?:- i^ ' f:-.-i-''-i'^^^?i'^>-' ' • -i.*lBi'''VU'-', 5*f<to"'r?A -^.t-.i'..'- .-O.V^LS^I- ' ' ' : v ^ f i ' 5 b i S . t : : 

The Equivalent Length 

of Pipe is: mi 6.8 6.8 0 14 0 0 20.8 0 0 0 0 6.8 4 4 14 0 0 0 0 

Enter Number of Expansion Fittings (d/D = 3/4): - * . i . .^^ '^0 i -I. S>."; Sly^'5'oFiSs? ':•'::'̂ :S ̂ . o*li*^'i'il 
:f •-. ' i , . '^r:- • - .i-^*^;.^^. 
M j 3 0 S y » S H 'tf*K;:'S'0'5̂ M?i ••,^':.^»tO--f'-.'..^;-, fe-'li'-SO'-irftii'Si 

a-^i'f :.S•'i'.•¥1^S.̂ -5•̂ -..',.•;-!;0̂ .*••'̂ .•̂  j'?'-';^:' ~ . 6 ? i-^ V ' i ' '•;!'iS.^WO:.'i-»& i-iP^iS^isO,**;* ? ' i i i^-iSo^i'^S 
The Equivalent Length 

of Pipe is: [ftl 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 

Enter Number of Reducer Fittings (d/D = 1/4): ' ; ' ' • • • i 0.. - -•:.:î ^-iffi&-;?': ' • '̂̂ i.ubi* ' " ''̂ • i & ' i ' o . ' s : k P 7 . i d s m ; !f^'^l>i&: ,t •-• - & i - i : 6 i ^ i ! ^ i'i^'T.--.- b-:^^^rrl^fr 
<- •:.?•--'-:;•- ' - - ' . n 

iOv- r-s*.'.-. .̂  .v,.. .••-.oirfe:i"' ••-.•.•• .OlSkiS .£ i i ^ i ^ o i r f ^ :4A^iS.ii0^l::i;.: 
The Equivalent Length 

of Pipe is: [ftl 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Enter Number of Reducer Fittings (d/D = 1/2): 

••^^'^•^^ 
X'VC^soIi'' ••; t-''.\ 5:Vo"'sc.- .-7. lOn-.-.r^i'i •••^^^ic^ 7:Xi'^-':-? r-,'';,'.: •^3i;--,:';..j> 

i r - ; -.=.j094'«i'.!; ' ' ••.-•i*-vi*̂ o.-• ^&'. '0 KT'-k 
• •: .,.f..'.:..-^-^.r. 

' ' o j^. i i ' '^^! . ••--•?r&sO;i %--•.••: 
E'-r'&'î Vi.;-'•'-• .'•^^•:^ •-,V - ^ S ' - ' . ? 

.'.iii.v.i.oXr-'iTS.-
Sa"-"'"': •••-v.-.-ji:'^'-
i- -V.-'iiOi-.-i.M = 

The Equivalent Length 

of Pipe is: ifti 0 0 0 0 0 n 0 0 0 n n 0 n n n n 0 0 n 

Enter Number of Reducer Fittings (d/D = 3/4): ^ 0 _ 0 _ 0 -'i* 0^ ^ 10 
- .V T-i -T: -. •-•.• .•-

^ 0 • - ^ 0 t «^ 0 ^ fe. 0» . 0 •'•̂  ¥::i; l i^o ^ol \ f 0 ^ 0 0 ^ 
The Equivalent Length 

of Pipe is: ifti 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Enter Number of Additional Fittings; 0 1 1 0 0 1 

• - .;.- ĵyr^ •' •-
0 1 1 1 1 1 1?-

Jt 
1 i- ^ " 1 ^ * . 1 1 O J = 0 

Enter the Equivalent 
Length of Pipe for That 
Fitting: [ft] 0 

i.'^ ••--. •• •;:-. . ' i ; ' 

22 12 0 

•1, 

0 12 ' " ^ 

>i r 
27 t 

2 7 2 7 - ^ 2 7 

^ \ e 
J -

?• 12 •« 22 ^ 2 7 '^.-r-- 2 7 0 
The Equivalent Length 

of Pipe is: [ftl 0 22 12 0 0 12 0 32.7 32.7 32.7 32.7 12 22 22 32.7 12 32.7 0 0 

Total Equivalent Length 

of Pipe From Fittings: [ft] 6.8 28.8 17.7 21.9 9.7 12 38.9 43.6 43.5 69.6 42.4 18.8 26 26 95.2 17.7 77.7 12.3 48.7 
The Friction Coefficient 

[Al is: [dimensionless] 0.037 0.031 0.037 0.033 0.037 0.037 0.031 0.037 0.037 0.029 0.037 0.031 0.037 0.037 0.030 0.037 0.031 0.026 0.024 

The Head loss [hioMf] 

F rom the Fitt ings is : [psi] 0.00120 0.0167 0.00313 0.0011 0.0017 0.0021 0.0226 0.0077 0.0077 0.0021 0.0075 0.0109 0.0046 0.0046 0.0077 0.0031 0.0451 0.0011 0.0056 

T O T A L H E A D L O S S [ h , „ , ] D U E T O FRICTION 

A N D FITTINGS: 

P ipe No. Pipe No. 

601 

Pipe No. 

602 

P ipe No. 

603 

Pipe No. 

615 

Pipe No. 

617 

P ipe No. 

616 

P ipe No. 

619 

Pipe No. 

609 

P ipe No. 

610 

P ipe No. 

616 

Pipe No. 

604 

Pipe No. 

605 

P ipe No. 

606 

Pipe No. 

607 

Pipe No. 

608 

Pipe No. 

613 

Pipe No. 

614 
Pipe No. 

616 

Pipe No. 

616 

htoam - hio«.p + hioMl Ipsi] 0.0206 0.0214 0.0045 0.0076 0.0038 0.0042 0.0749 0.0094 0.0094 0.0069 0.0084 0.0748 0.0055 0.0055 0.0202 0.0067 0.0771 0.0062 0.0238 

Length of P ipe [ft] 110 8 8 132 12 12 90 10 10 156 5 110 5 5 154 20 55 79 157 
h |e . . /100f tP ipe [psi] 0.019 0.27 0.057 0.006 0.032 0.04 0.083 0.09 0.09 0.004 0.167 0.07 0.11 0.109 0.013 0.033 0.140 0.010 0.015 

TOTAL HEAD LOSS 
VE-2 (psi) 
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TABLE D2 
HEAD LOSS CALCULATION 

VAPOR EXTRACTION HEADER VE-3 

Enter Pipe ID No . : Pipe No. 

iSPir^^-'7Dirf?r'--Tr>; 
Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. ^ Pipe No. Pipe No. Pipe No. Pipe No. Enter Pipe ID No . : Pipe No. 

iSPir^^-'7Dirf?r'--Tr>; 
Pipe No. Pipe No. Pipe No. 

. -•it.*rci- ,705.'•-="•• • 
Pipe No. ^ 

•-.•'.•'•'.•K7?i4S708~. '^-"!iPfi 
Pipe No. 

.̂̂  •-•'«'•• •iTO?- i^rtl?^ • 
Pipe No. 

From: .... iWellHead.'BA-S" . - Well Head DB-§ '. .• . Well Head DA îb-:',-, . . Well Head:DB7l6'. • -..;.J''-PVC-7'bl Branch v ir i " , .CPVC-yf lS Header,- ,>.i--i?KERH stub-up-, .-.'• . Well Head.BA-S. -«Well Head Cfr f t - . - . i ' . ' , 2 ' ii 'PVC-yflftiBranchr, 
1 To: i 4" .CPVC-705:Header , , 2"PVG.701'Header--, : ' 4 " CF!VG-705 Headerr , i4" GRVC;705•Header'-• ^61CRVG-708 Header',! ?i? ' ~ ERH StubHJP--:: i ' i 2"^PVC1706 Branch • : -6" CPVC:706 Header^. \ '6tCPVC-706:Header ift, " . ' • •' -•8"-Mariifold :--.;̂ : r.7& 

Calculation of the Reynolds Number 
Re = [(d„vp)/p] 

Diameter of Pipe [dJ: [inches] 1.913 1.913 1.913 1.913 3.786 5.709 5.709 1.913 1.913 5.709 

Assumed STP 
Temperature [T]: 1°F1 60 60 60 60 60 60 60 60 60 60 
Enter Flow [QJ: [scfm] 5.'»!SiSa555S&1 -4?SV,, ' iK-'w - ! :*.''?''?'":«a7:5i=l'i./JE3i'7 -•"-'''-i..''':-,iS"/ft7.pii^fi'5£-i*je. p.,' •'«¥','-.-';i;7 -̂i. J"̂ ^ :̂?!'̂ .̂  iii? 'S';«S'ir>:s?^28.'i-i'L.'^;^^ ? J * * ' S S s ^ 2 8 - ' ; , r ;;*i ^CSSarf^SiZlZ^la-i'*?.-: •-. '•a-j£î e«7.j.sa#)Sff<s"-'. ̂ S^^TfWi.J^J'&f^'!:?^': :i^.'.r»-}s292{i<-.^i^mi 
Line Pressure [P]: [psiq] s"SSii3SS-111®-fi i?-^ :-".-:^^-;vffii-rsi:.3?'5.'ii'ii :--i:^'. w-vi.i-i;:;oSii;si •̂ >. •'.•r -. : ' '^ '7I.I t>'?'v'i''ii^^is - i'-f •£• - ; •'-vi''j->'-i-.i 1=:, 'ri-3. 'i.^i :-̂ -1 l i ' 'T" .v'^ -.-'-i'; -is;Tij?## ttei -i;?vs<.r'^; • \ ;r4*:-;"=i,iSj.:^^/.--'S," i'?<;t si.i-.ri'a.iajsS''-"- ii?;'~ *i!.^''-1 Tii ' ' i t i iSffi?? 
Actual Air Flow: [acfm] 54.6 27.3 27.3 27.3 109.1 109.1 1083.6 27.3 27.3 1138.2 
The Velocity [v] is: [ft/s] 45-57 22.78 22.78 22.78 23.27 10.23 101.60 22.78 22.78 106.72 
The Density [p] of Air at 
T = 60°F [Ibm/ft'] 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 
Absolute Viscosity [p] of 
Air al T = 60°F: [Ibf-sec/ft^] 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 

The Reynolds Number 
[Re] is: [dimensionless] 11,412.75 5,706.37 5,706.37 5,706.37 11,533.33 7,648.48 75,938.49 5,706.37 5,706.37 79,762.73 

The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Fiow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. 

Calculation of the Friction Coefficient [A] 

If Flow is Laminar: 
The Friction 
Coefficient [A] is: [dimensionless] . Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar 

tf Flow is Turbulent: 
Enter Friction 
Coefficient [A]: [dimensionless] 0.030 0.037 0.037 0.037 0.030 0.033 0.019 0.037 0.037 0.019 

Calculation of Major Headloss Due to Friction 
Loss 

Using the Darcy-Weisbach Equation 

Headloss h|<,„ = A (1/ d^) (p v^/2) 
Relative Roughness for PVC, CPVC & A B S [c] = 0.0000233 

Headloss From SVE Pipe [h,„„p] for PVC 
Enter Length [1] of SVE 
Ripe: [ft] 120' 

^ '* 
5 5 * . *- ^ 120 -t _ 105 . ^ ^ , 2 0 ^ i % »>^20 -S f I " 115 *K 

The Headloss [h|o„] 
From the SVE Pipe is: [psi] 0.0961 0.0012 0.0012 0.0012 0.0126 0.0016 0.0807 0.0049 0.0049 0.1067 
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TABLE 02 
HEAD LOSS CALCULATION 

VAPOR EXTRACTION HEADER VE.3 

Enter Pipe ID No . : Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. 
Enter Pipe ID No . : 

.•:'..„701.i": - f » W ^•W^5?5??702-7-r^?^ q : ^ ' ^ 7 0 3 : ; ? j 5 3 r ^ iS t i ? -? r ^704~ j : j n j n i " r ' •i:":.'^.'^i^^i'. •705^»-:-^^^l?i -'^rGTi:..?: .708--,-.',,•-•"!?; " , i i ; p : ? ? d 7 0 8 " S ^ i ; ^ ? ! i ^ - ' , ' i s ; .706 .-si .•'jVi'.il •r :.i»'.'ij- •iftyiik^rj^! "iir'v"'.-'' ioK^,.ii'ii: 
From: Well Head DA:*-.'is s„*"Well-Head'C)B-Si . :..' :Well Head:[)A=ifl.5'-*' •,'=,.. :Well:Head DB^Iflx-- / -V':J"PVMl5-|;Branch',''-, a i i ' .CPVC-TlbB.Header; ; •.i 'f-VtKH:Stub-up-;V • Well Head BA-i -;, :ii,Well Head.D&'ft' . . . . J " C P V W b f i Branch . : 

1 To: ?i-4;:CPVC-705:Header.V- -^5i;2"4RVC^701;Header.. ' 4': :CRVG-705 Header-*; a , 4 ' iCPVC-705:Header• i:6iCPVG^708 Headeri? iiS:H'*.ERH-stub^Jp:" i ; - ; i'. ':2:i,-GRVCr706'iBfanch»'l 5''6"iGRVC-.706 Header.':.. ?6",;CPVC:706!Header- i: •fS'.^Mariifbldf S •£:''• 

Headloss From Fittings [h|oMt] for PVC: 

Enter Number of STD A5° Elbows: 

'̂•;.̂' 
t'S.-P O i j i , .•..7,.'5fe-w'' -.si'^t'i("doiiiCj:-^i'^:: ••'̂ --,;-.':.-i_-i'..".-iOi. -w-r -S-S' '.f.';"is^:i-m.im3m.f. 5aW.Ai.-.=.i..0i'^-=.'--''--n'.i i^i':t};«SriJ2',*St*3ssi2:-/> y y : : .'•*'i--', -0;'> .'iCii ia' .•Si-?&^K!E*!0&''S,^'#"-ifc 

The Equivalent Length 
of Pipe is: [ft] 0 0 0 0 0 0 16 0 0 16 

Enter Number of 90* Elbe ws: r:-i^"'ct::o%, 'zi/ggt A •AS! f-'Sf: K;'i.«iO's i ' ' ' i s . r,'.-i.'.-;.?.£'y.o^M:^ y . * • 5-^<':.,Sa.^-0Xf'*> • '•::-'5-;.'Ci:;.)i..O.- .. '.-r f ^ . C «Jtr 0Eir-j..-'S'/"jh'i ir.ii'/'c-i-^iriii!?; s^.:MS 
The Equivalent Length 
of Pipe is: [ftl 5.7 0 0 0 0 0 0 0 0 16.7 

Enter Number of Tees (F ow Through Run): ' ,»• : .' :'.&v. .-i-'W'i*?. iS: i ; ' r i r - :TfOr . ' i- i 'Si i i . :- '~':'•'. ir f'.V- ; O V « « * » l & f ii-SKPC^-s.Oisi'- •.•u-jrt- •i .i i. ,.i'-?T*%-2-rsSSij5r;~ji 'j--s--j=.'--.-,"~i,?--r:,v?j-'j.' r".ri--i.J'-,.:;i:':0^.: j , , i / ' .-' .-•: iaasS»3.''0'*?iV* M 
The Equivalent Length 
of Pipe is: [ft] 4 0 0 0 15.8 12.3 12.3 0 0 12.3 

Enter Number of Gate Va Ives: - •'. i- r-.f-O r..V'-,aS;-:?r::4 rSrii?'•: 'ii';? 0 -,.•-•.,--'' - . -, • ,-ii*' i '•i:?.i.,o?r.::r^'*j3? sS;^u;;>^(o;.?i'Jii fi;"*- i-.-i.'-- -j;0' ' ' '--s-.*, - ;;"?iiifi^'-i>^O.frfiS?.riiS'iif i-o. :_ 'T':-, ::^' i i - i i ) - ' ^ « 0 « » i S 
The Equivalent Length 
of Pipe is: [ft] 0 0 0 0 0 0 0 0 0 0 

Enter Number of Globe V alves: i- i - ' .• ;.• {-O ' •i-;S;j;4.S'- »i'Vffi'':?:>/iOi'^i*fi?', -'•'* •» ?. •--< «-'-i ?.ori,.-''"'iftAs ?i,isi'''i&'»i?^0irr. i: i -'-• C.:i'.'-.i-.,:>;0>sftr23SJii"yi '•«**irtsso r-ivr.; .ii '.*i.?iii^ 0'j-j(,:.»T-'i. : /.i. •• '"/•"iro'i^^.: 

The Equivalent Length 
of Pipe is: [ft] 0 0 0 0 0 0 0 0 0 0 

Enter Number of Ball Val /es: -:*', r. B', Ovi- ' i*- ! ' i'-itrs it=rf'w-sa*KiOisj?*'. ':.>-• •-i'..-;'.--s - . • 'KOjCgSSH;* * * »:j;-i>;- .fe;-o,-::!'-;-«*s-''it-. ^'«gj3Swi:;:?;0 f .«:••; AS*'^--' - « ! J ^ . ' : : j ? ' ; ' . " i O . : & ^ i ' i W ' . ; . r ' ( i ' ;;::?!."{«••':;:0.^ vr- --s-iii i i j-j^oiw.s»«?i!.« F S V r ' - S ^ ^ ^ ' : ^ i ; 0 : O ; - ! S ! . j i f ' i 

The Equivalent Length 
of Pipe is: [ft] 0 0 0 0 0 0 0 0 0 0 

Enter Number of Expansi on Fillings (d/D = 1/4): .'i??¥i:iOS.t'?"i-V.S;SCi iFf.^9^*zsSi0fti'i,:•;•.s•:^•;« S.:P.'l-f-?-*ii=V0"'»?'SS5S3i3 h?'<5^S<S^0iiS*i.'Sff&si- S-'-/S-'i^-S,K0i"%:':.';'iii?','S :̂•fc'̂ i-.H •̂.ifsfi0̂ g•isa5Ŝ •̂i •.m:^^ii^-i'& t.oi :si ;''*fe-»!ljsi'»i1 JSEfiS--?'?'*! ifi5s^tf'.i'ii.i!l«0^.;S?,'ifeXS5ii.. 

The Equivalent Length 
of Pipe is: [ft] 0 0 0 0 0 0 0 10.8 10.8 0 

Enter Number of Expansi on Fittings (d/D = 1/2): -. •• '•' 1:.f»'AfKi }i^W~i<':H^0'\''&':6ji'.'j. iR i tSS i f t tHvMJwi i i i i •?sy rvvs*bi^ffi'SS;-ri .•S^ îW>--r'>b:'i'-'V.. ?̂Ĵ =̂  

The Equivalent Length 
of Pipe is; [ft] 6.8 0 6.8 6.8 14 0 0 0 0 0 

Enter Number of Expansi on Fittings (d/D = 3/4): 
- f . ^ r ; s -r fr--^--• .-.^ • ^ ' v ' • •• 

. t -'.:-j^S-r!:Ose^.A ' i - * : - - s23-'-'--sx:''t;b''î -'--i*̂  ¥ i^ . . ;v iCb:K '^^r - ; . v - . . . H . ^ 0 ^ r - ^ - . . . . 

The Equivalent Length 
of Pipe is: [ft] 0 0 0 0 0 0 0 0 0 0 

Enter Number of Reduce Fillings (d/D = 1/4): •J'.•'*. ^''•i-:^Mi^ •§i04i^P'^i':i '•'. . '^^i-iPi • 0 •???¥*•!?£«..? feS&^-'SbSi:^:'f-i:<' \, :• '•yi:c^f::^dhr^-ip&i 
-li^?.' •--'-;- •-.-\'--''-i?vs"-r.Vi 
i s i i / y i i •i044«.'.^'.i-ri' 

'•' '^-'Ei; c:"!•̂ ::•; i--f\^;S';^'•V^• 
i'-' L'̂ '- •''t'-ii'i,-?*i'^l>??J- t-.'-: 

i 'fi'.:r-""-7. ••-;-ii.:-.;* '-if"* 

!;^'?.i?ivii-6?n~&fe' 
The Equivalent Length 
of Pipe is: [ft] 0 0 0 0 0 0 0 0 0 0 

Enter Number of Reduce Fittings (d/D = 1/2): Jit • 'fci'ii • ̂ ' •-Jr̂ '̂ <>̂ ^ ̂ 1 :̂ rf?-i'AWo'̂ S>'ftl® fe?5'?&f^i!^€Ssvi ivSfcP; Si6 ' ' , i ; : i ' E ^ ^ 
The Equivalent Length 
of Pipe is: [ft] 0 0 0 0 0 0 0 0 0 0 

Enter Number of Reduce Fittings (d/D = 3/4): 
ar: ii;fl-;'Ka->if-..yJ 
3 <.i;-;-.--'C;T0i£ii^-^s.?.S.v ;Ms^SS^:Oi ; i - ->;* i ; - . -SK&S'.^ V:o W^^..M-i 

S!^Siasiis»S5p3?aiw 
^^• '• : fe*^oSiSKaf?; &%'.» -i?.ri;<'2ofc^%i;'-:̂ j'.7- r^rJsJi **5i;o,M-= ,̂.~igi 

The Equivalent Length 
of Pipe is: [ft] 0 0 0 0 0 0 0 0 0 0 

Enter Number of Addition al Fittings: 
'̂•jlJ-.T>.;"---v;ii5';̂ ^^ i i-0Kf #i'-i.̂ -?:-'ii- .J-i - • ̂ ii-L V ••^;^; '̂s<j* '̂:j*»s# 

:-'-̂  ̂ -il'- '̂-^v •T-3i^.^=^''V.? i.''ff-vi5fe:i.-/.;:iM^-' i ' .-..'.TfSb-n^^i-fKf'.--; iSr^i-'StVi-fei'ss"' if'fs^'P 

.' --JV.', ' • ' . ' j - f e i t * j . ' - r . - ' -L 'S- i 

f ' iMsas^^ t^ 
Enter the Equivalent 
Length of Pipe for That 
Fitting: [ft] 

^^i&':'<f^-:^' ;';'^";J *5 
ii^iMkA2':-T^--J 

^±Si*?' ^l^i.^.C^i'v--^ 
3 i i i S i r f ? 2 2 : 4 v i ^ ^ : i 

C4^y :?:iiif^«iq;;SsW 

?i<:" 

^ i t e : - - - ; ' . - . - • - . i . 'i- - J ' . - ' - - ' . " , . - . ' 

i^.£'.---%;ii:;-«;i'i -MJ".:.',-? 
T - i ' ; B } ' ' - - : ? ' ; v ? ^ . . , > = 

i ' •' : ' : ^^ . 't '?i^bs>^"..-^ir.--i-i-ari:7 

i-V-':--•^-ife'.:---:;'5,V 

; k, • i - ' ' ; : -r32.7-;v '-- : ; i .E ^ * ? i ^ 3 2 . - 7 i ^ # ^ 

4\'.V^'i--- . i'-^i,"--i»iT',ii;?f 

if vC' ii-j;- 'b:' - .Si iJ ŝ'̂ ' 
The Equivalent Length 
of Pipe is: [ft] 0 12 22.4 22.4 0 0 0 32.7 32.7 0 

Total Equivalent Length 
of Pipe From Fittings: [ft] 16.5 12 29.2 29.2 29.8 12.3 28.3 43.5 43.5 45 

The Friction Coefficient 
[A] is: [dimensionless] 0.030 0.037 0.037 0.037 0.030 0.033 0.019 0.037 0.037 0.019 

The Headloss [hiouf] 

From the Fittings is: [psi] 0.01322 0.0029 0.00709 0.0071 0.0031 0.0002 0.0240 0.0106 0.0106 0.0417 

TOTAL HEADLOSS [hu„ 

AND FITTINGS: 

J DUE TO FRICTION 

Pipe No. 
Pipe No. 

701 
Pipe No. 

702 
Pipe No. 

703 
Pipe No. 

704 
Pipe No. 

705 

Pipe No. 
708 

Pipe No. 
708 

Pipe No. 
706 

Pipe No. 
707 

Pipe No. 
708 

hi<»M = h|<»,p + h i o „ f [psi] 0.1093 0.0041 0.0083 0.0083 0.0157 0.0018 0.1047 0.0154 0.0154 0.1484 

Length of Pipe [ft] 120 5 5 5 120 105 95 20 20 115 

h i ^ l O O f t P i p e [psi] 0.09 0.08 0.168 0.17 0.013 0.0017 0.1102 0.077 0.077 0.129 

i 

TOTAL HEAD LOSS 
VE-3 (psi) 

0.431 
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TABLE D2 
HEAD LOSS CALCULATION 

VAPOR EXTRACTION HEADER VE-4 

Enter Pipe ID No . : Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Enter Pipe ID No . : 
-• 801;--^TEJSf: i-iIT-':"*-802 ^••c^r. •<.•' .805 . .-F^Ti^ :•;.- v : . :803- i. • . ,'•.,'' s . 8 0 5 T ^ - i ? r ' - i : 

From: :: , Well Head DA-11 s.,".' j..':i.WeirHead:BB--|-|,'^- ; 2 'C l^W-f t f l l Branch. •. . . . Well Head DA-.-li :' • '.WelliHead.DBi12'-. ^ , . ^ERH-stubHip, •-
1 TO: SIS'.CRVC-805 Header:,ij ?;f6-CPVC-805;Header;,. EF»H Stub-iip'.-.-i.ri. . X 6;:.CPVCr805 Heade'r. 1 i :6r.CP.VC^805'Header ,.;i '••'^ "- 8"'Manit6ld l ',•',-

Calculation of the Reynolds Number 
Re = [(dHVp)/M] 

Diameter of Pipe [dJ: [inches] 1.913 1.913 5.709 1.913 1.913 5.709 
Assumed STP 
Temperature [T]: [°F) 60 60 60 60 60 60 
Enter Flow [Q]: [scfm] i '?=:-r-.i ' .;-..7-.-wTv-?iS --iV.-;., f̂-;: ?i,4 ;--:E;.i-as: I...-"':-' -TK •• • 'Jy^ii:^.-'.': .-•.''• i - i;: -&7i-.5.#'.fc i _: i . •••• ••i"-'.":;278.i3^?.f: ."ii->. 
Line Pressure [P]: [psig] ••-•i-iii''.i.;.i'fS;t^ • i i"«;.-; 'V."̂ ! i':-.?.?t!*»si I'I'-"- =v-iif-s«m5;.i ,_• -v'-,.T,;vr-iii:;?is£tsL-!.i .;• , ^' i- ic'. i V -1i1^r3.-iiiJ5i;':i'''?i 
Actual Air Flow: [acfm] 27.3 27.3 54.6 27.3 27.3 1083.6 
The Velocity [v] is: [ft/s] 22.78 22.78 5.12 22.78 22.78 101.60 
The Density [p] of Air at 
T = 60°F [Ibm/ft'] 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 
Absolute Viscosity [p] of 
Air al T = 60°F: [Ibf-sec/ft^] 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 

The Reynolds Number 
[Re] is: [dimensionless] 5,706,37 5,706.37 3,824.24 5,706.37 5,706.37 75,938.49 

The Flow is Turbulent. The Flow is Turbulent. The Flow Is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. 

Calculation of the Friction Coefficient [A] 

If Flow is Laminar: 
The Friction 
Coefficient [A] is: [dimensionless] Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar 

If Flow is Turbulent: 
Enter Friction 
Coefficient [A]: [dimensionless] 0.037 0,037 0.041 0.037 0.037 0.019 

Calculation of Major Headloss Due to Friction 
Loss 

Using the Darcy-Weisbach Equation 

Headloss h|„„ = A (1/ d^) (p v^/2) 
Relative Roughness for PVC, CPVC & ABS [c] = 0.0000233 

Headloss From SVE Pipe [h|„„|J for PVC: 
Enter Length [1] of SVE 
Pipe: ra WriVii'^'^lbs^^^Viiii?^ 

j i i i . ' ^ j t P W i v r ; : 
•i.J- • : /J: ' ; : . -"1 1 .•!;&.»# .'Wi.--: i V ' iS^ l ^ lRa i ^s^v 

':--.••• >:Ti:S!iSS^:^i$i^i'i'i-

The Headloss [h,ou] 
From the SVE Pipe is: IPSi] 0.0022 0.0022 0.0005 0.0027 0.0027 0.1809 
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TABLE 02 
HEAD LOSS CALCULATION 

VAPOR EXTRACTION HEADER VE-4 

Enter Pipe ID No . : Pipe No. Pipe No. Pipe No. Pipe No. 
'^<'r7=' i^8D3r^~P'^ 

Pipe No. Pipe No. Enter Pipe ID No . : 
••-̂ '•̂ '̂ •̂'TirQQ^T. ,: r.-.-j.j.': jTv^ ?-r^802 ~^'.'T~'- . . : .«7r7^80S 

Pipe No. 
'^<'r7=' i^8D3r^~P'^ -.JWiWI^Sm; •• ii'-Ti'i •^Tjl'iK.-i.-' 805 ."̂  

From: . Well Head bA--| 1 -,. : V..:. Well:Head DB-'ll • .. i ! ' :C|J^d*OI Branch V.Well Head BA'-'-li - ' ^ .s^WellHead C)B--iJ-..- . ' ERH StUb-up i .,•' 
1 To: .-i 6::CPVC-805:Header^ ; :i6"„CPVC-805 Header. ;-:i!ERHStub^uo' . *.6:;GPV(>805 Header • i"l6¥CRVC^05 Headeiv • ; .^85 Manifold -. ".- •:. 
Headloss From Fittings [h,...,] for PVC: 
Enter Number of STD 45° Elbows: "?ifesS5s>*î o-'. .x}-:i -'i ' • i ^s iu .T iJ . Of r ,'- - • : ^ -L 5Sfe*ljSS0?'.. .•. T »- Ki ' iSsJi ' * ; .iJ'O^.'-. '̂S.i'if'- '.-•i-'i i" s a w 
The Equivalent Length 
of Pipe is: [ft] 0 0 0 0 0 24 
Enter Number of 90° Elbows: , ;•' -1,:-^-.<.f^ . i v g S ^ ' i r . ' .O . - . 'T-'fV-f^Z 0, ' ,' .'• . •":^.i;?--'^; Oi v ' 'A^^-CKl^ty^Oi- i-i.i""- "jv 'Wf,^*.!,:^: -, 
The Equivalent Length 
of Pipe is: ra 5.7 0 0 0 0 16.7 
Enter Number of Tees (Flow Through Run): t..'ŷ :'*-''7 -so •,-.<ki•'•' ...s-i i - ^VWC'SS.AOi^ ' iCk ' . : '-::liiifV = i';2.:r.i.i=-:V/ '-'i • :'A' f.f-','- 0 'isi-i -•i;:* •''-f'C.^-Ml'-^-'' ' '.ii-S' ''T' 
The Equivalent Length 
of Pipe is: ra 0 0 24.6 0 0 24.6 
Enter Number of Gate Valves: f i j i J^C .,5i':''0:j:?;i;«..!.'r'^,r; 'A'^SirSfi- 'O'ta'.: . '••f; ? 'a!K-S£5V-0i 'T;'-;-j ' fS?:^5e. ' '1.0! i - ; i . - i ^ i i •;;l:'3f''SiSfrS0:::''ji.:^!*.;.^'J; r5:is^ss-i:0'̂ r^:'=; î̂ i5? 
The Equivalent Length 
of Pipe is: [ft] 0 0 0 0 0 0 
Enter Number of Globe Valves: ?t:'S=e'S^iOj.v:\"^-;-.i:-^,; v i "Oi 7 -... .<•. ^>:•^i•.'^-^';o^;^•i -i .i^ .•-.rS?-<^ .iO' 'V- •• - • '^mf9y':s^:ry:h^!.^. - ? -.li/i iy.® i fKft i ftO.j •"•••. :'.-''''J'-j-: 
The Equivalent Length 
of Pipe is: ra 0 0 0 0 0 0 
Enter Number of Ball Valves: • •---'•: •• :.0:. ^,; '- '.?-1 'i -TisjS'Sl '^i '^ 'O'i i^::- ' •' - - . / K S K U i iO s - . ̂  ~" .''':?-^'5*0^ •:.-';• --:•- '••' ='S«. •eSS--.; 'O.X .-•-. .".ffj. 
The Equivalent Length 
of Ripe is: [ft] 0 0 0 0 0 0 
Enter Number of Expansion Fittings (d/D = 1/4): -.•̂ 4-gs:iiB •M- ^ • i ^ ^ .ia-. i'r5-^';'ewi'ii'-.ii.i.i-i=':i -f i :':smai~*^o '•<'-t-̂  '.s v ? f 5 a i p ; H 1 i. •.-B*'.":i '-i--','-: ii^ft'ssi^-^i-iii £:;-i:i:SiiA-'^*. i *K;? iS 'F '* i .0 J..;V.'-i'ii':'.i; 
The Equivalent Length 
of Ripe is: ra 10.8 10.8 0 10.8 10.8 0 

Enter Number of Expansion Fittings (d/D = 1/2): T-&:S^ff:v^^':'S?:. •iir>isS*ii?'v,vo,i:^;^-">j^-'; f'y3S^:-b:'»-;;f"^^;:' \s?S6Wi=e30i^.:;i^*:>if-i "frSjK5-T?0f'-:j,f.5£'j5i 
The Equivalent Length 
of Pipe is: ra 0 0 0 0 0 0 

Enter Number of Expansion Fittings (d/D = 3/4): ''':^SW:f'^of.''^:^.jSl2'-i ^ i K s ' ^ i C'b'-'i • ' - .'l-'rir f ' . ' ' - ; *^S; - * - ' i ' ' ' i ' ' - . * " - i ' . ' i j iJ i *v2-v!0.> '1. '.T: ;••: -JS^S'iWii: n ? f ^ . , i T 
K-f.^.s.-^i .i*:C-'-U, -. ^.d,. . 

The Equivalent Length 
of Pipe is: ra 0 0 0 0 0 0 

Enter Number of Reducer Fittings (d/D = 1/4): •' SSPSSitatSi 'f i'-i j ^ S - ^ v S i b i i4>A-*i: •. I,?-! 
"i(-:T̂ W .̂.:.̂ si'J::>-!i.'̂ ' • 
ss^SiS:6Si^ i i t f5; , ; . •'VaiJS # ^n^i^ • '. •• •' 

The Equivalent Length 
of Pipe is: ra 0 0 0 0 0 0 

Enter Number of Reducer Fittings (d/D = 1/2): SjvSii^M:bS7Acrr' it - i ^K^m: ^b"^. i ; iKiS;:.;' s5i-'-flJft-ii^bi ii' >:'kS-^' i®-iiSo.''t¥i^fe-' 
The Equivalent Length 
of Ripe is: ra 0 0 0 0 0 0 

Enter Number of Reducer Fittings (d/D = 3/4): tfr'.:,-.MS"::dt';'"-ri'i<i^" i'. :4MiS&^'.s^i:.i'' i.'.'SvAftiiO--:. • ;'>'i',*;f • ISiifi;©=i'/̂ ^M 
The Equivalent Length 
of Ripe is: ra 0 0 0 0 0 0 

Enter Number of Additional Fittings: 
«li':VifW;"-'?fi':;;!i=i-.,:':5it---f 

^^j:t'S:i-<i:\^i£-'^i*^''l<:i^ ', 
"•*i'iS5g^Riji?i'?:i:'€S. 
i''ii%-iiTrv:r^v.;i1 î̂ lrV''-ri.'̂ ; 

iw?s3K'f'i#ii-ft'' i|'ffl;^'i5^S:^f^:J^.3«?w 

Enter the Equivalent 
Length of Pipe for That 
Fitting: ra 

'i'.'-JT^i-W^'''i~^'''-'''-^'^^^. 

;^^&:;:S.32:7.i:'i, '^.S',. 
i ••';•., >lv'i; 

':v'Sj&p;S^ii?vL*'v' 

^i;M'^J.v%2.-7V i' iti--

•'iW^*^-'s,£iji%>^.:>'S's;i 
'i'i •VX'^'-i.^i^s-'-'!^-^';.':i'''L' V -'i 
.-.-.••̂ ?'-?;~-iso>- i !-''i'-_'f 

The Equivalent Length 
of Ripe is: ra 0 32.7 0 32.7 32.7 0 

Total Equivalent Length 
of Pipe From Fittings: ra 16.5 43.5 24.6 43.5 43.5 65.3 
The Friction Coefficient 
[A] Is: [dimensionless] 0.037 0.037 0.041 0.037 0.037 0.019 

The Headloss [h,„„q 
From the Fittings is: [psi] 0.00401 0.0106 0.00011 0.0106 0.0106 0.0554 

TOTAL HEADLOSS [ h , ^ DUE TO FRICTION 
AND FITTINGS: 

Pipe No. Pipe No. 
801 

Pipe No. 
802 

Pipe No. 
805 

Pipe No. 
803 

Pipe No. 
804 

Pipe No. 
805 

hioM - h|o„p h i c f [psi] 0.0062 0.0127 0.0006 0.0132 0.0132 0.2363 

Length of Pipe [ft] 9 9 105 11 11 213 
hto..;iOO ft Pipe [psi] 0.07 0.14 0.0006 0.12 0.12 0.11 

TOTAL HEAD LOSS 
VE.4 (psi) 

0.282 
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THE RALPH M. PARSONS COMPANY 

ENGINEERING DEPARTMENT DESIGN GUIDE 

DATE APP DESIGN GUIDE NUMBER SHEET OF 

5/27/76 DSG-MP-6A A-2 - A-28 

Table 1 - Normal Fittings - Equivalent Lengths 

Elbows [1] Sudden Contraction Sudden Enlargement 

90 deg 90 deg 
(long radius) 

Run Branch 
• Full 

Butter \ 1 1 [2] Pipe 
Size 

Vessel Vessel 45 deg 90 deg 90 deg 
(long radius) 

Run Branch 
Gate 
Valve 

Globe 
Valve 

Plug 
Cock 

Angle 
Valve 

Port Butter D i d D [2] Pipe 
Size Outlet Inlet 

45 deg 
(short radius) 

90 deg 
(long radius) of 

Tee 
of 
Tee 

Gate 
Valve 

Globe 
Valve 

Plug 
Cock 

Angle 
Valve Ball 

and 
Plug 

Valve 

fly 
TT 1 

\ L_L Swing 
Check d 

(in.) Thd 
Weld/ 
Fig 

Thd 
Weld/ 
Fig 

Thd 
Weld/ 
Fig 

of 
Tee 

of 
Tee 

Ball 
and 
Plug 

Valve 

Valve 
d/D = 
1/4 

d/D = 
1/2 

d/D = 
3/4 

d/D = 
1/4 

d/D = 
1/2 

d/D = 
3/4 

Swing 
Check 

Equivalent Length (ft) 

1/2 1.9 3.7 0.8 0.4 1.7 1.1 0.7 1.1 3.3 0.7 17 0.9 7.3 0.7 1.6 1.2 0.7 3.2 2.1 0.7 6.8 

3/4 2.5 4.9 1.0 0.6 2.1 1.4 0.9 1.4 4.2 0.9 23 1.2 9.7 0.9 2.1 1.6 0.9 4.3 2.7 0.9 9.0 

1 3.1 6.2 1.2 0.7 2,6 1.6 1.8 1 .2 1.8 5.3 1.1 28 1.5 12.1 1.1 2.7 2.0 1.1 5.4 3.4 1.1 11.3 

1-1/2 4.9 9.9 1.9 1.1 4.1 -2.4 2.7 1.8 2.7 8.1 1,7 45 4 19 1.7 4.3 . 1.6 1.7 8.7 5.5 1.7 18 

2 6.2 

7.7 

12.3 

15.4 

2.4 

2.9 

1.5 

1.7 

5.2 3.1 3 5 2.3 

2.7 

3.5 10.4 

12.4 

? ? SQ 3 25 2 2 5.3 4.0 2.2 10.8 6.8 2.2 23 

2-1/2 

6.2 

7.7 

12.3 

15.4 

2.4 

2.9 

1.5 

1.7 6.2 3.7 4.2 

2.3 

2.7 4.2 

10.4 

12.4 2.7 3.8 2.7 6.7 5.0 2.7 13.5 8.5 2.7 28 

3 9.3 19 3.6 2.2 7.7 5. 5.2 3.4 5.7 15.5 3.3 86 4.5 38 3.3 8.1 6.0 3.3 16.3 10.3 3.3 34 

4 12 25 5 3 10 7 4 7 20 4 112 6 48 4 7 11 8 4 22 14 4 45 

6 16 37 8 5 15 10 10 7 10 30 7 170 9 73 7 20 16 12 6 33 21 6 70 

8 23 46 9 6 20 13 13 9 13 40 9 225 12 98 9 28 20 15 8 43 26 8 90 

10 30 60 13 7 25 16 17 11 17 52 12 280 15 121 12 34 26 20 11 53 34 11 110 

12 37 74 14 9 30 19 20 13 20 60 13 340 18 145 13 40 32 24 13 65 41 13 135 

14 42 84 10 21 15 22 6.6 15 397 21 169 15 44 36 28 15 74 47 15 158 

16 50 100 11 24 17 25 78 17 453 23 193 17 50 43 33 18 88 53 18 180 

18 58 111 13 27 19 28 85 19 510 27 218 19 56 50 38 19 98 62 19 203 

20 62 123 14 29 21 32 95 21 567 30 242 21 60 53 40 21 108 68 21 225 

24 74, 148 17 35 26 40 120 25 680 36 290 25 76 64 48 25 130 82 25 270 

30 93 185 21 44 32 50 150- . 32 850 46 360 32 100 80 60 -32 - 163 103 32 338 

36 111 222 25 5 -3 ' 60 175 38 • 1,020 53 435 38 120 96 72 38 195 123 38 405 

42 130 259 --- 30 63 45 68 200 46 1,190 62 508 46 140 112 84 46 228 144 46 473 

[l] For reduced port, check manufacturer's catalog 

[2] For mission duo-chek valve, check manufacturer's catalog 



CALCUATIONS FOR GROUNDWATER PIPING HEAD LOSS 



TABLE 03 
HEAD LOSS CALCULATION 

SOUTH TRENCH GROUNDWATER LINE GW-1 

Enter Pipe ID No . : Pipe No. 

•̂ r=Yr--—-•90'r~-."iT'-r-
P i p e N o . Pipe No. Pipe No. 

JS ~T~'f^T90.4 te'.srtg;'?'-?' 
Pipe No. Pipe No. Pipe No. Enter Pipe ID No . : Pipe No. 

•̂ r=Yr--—-•90'r~-."iT'-r- ? •.r--'yi'-v*'^r:"9Q2?PT:'-?*.:-. : „,......,gjj;. • ^Jf} 
Pipe No. 

JS ~T~'f^T90.4 te'.srtg;'?'-?' 
Pipe No. 

••.~^.'?iV?9P6 '̂:':..>;• -i : "••:.i ' ,•'907 ' 
From: ., Well Head bABii'.' - ' .»•-.'• D A B - 2 B ranch - '̂;,'-, >DAB-3 Branch •;• ' . W !DAB-4.Branch •,••.,-«.- S i .. DAB-5 Branch ,. • 1:.. •=. DAB^8'Branch .'̂ ••.iwj :-: Well Headi5AB:7 ' ; • • 

1 To: •'.. .• DAB-2 Branch-': '",.' ' • - v D A B - S Branch, . , r :•• • ,DAB-4 Branch' 'i- ' -.•' .-• .DAB-5 BranchfV.K, ti- • DAB-^Branch •i-',. ••• ; . DAB-7 Br8nch. ' . GWSump: .' 

Calculation of the Reynolds Number 
Re = [(d,vp)/M] 

Diameter of Pipe [d,,]: [inches] 2.047 2.047 2.047 3.998 3.998 3.998 3.998 

Assumed Operating 
Temperature [T]: [°F1 60 60 60 60 60 60 60 
Extraction Flow (Q): [gpm] ' • •••'-•i -.'••• ,4;6i.-'''"'='vr ti'-; ^5;.f.»!i'^-rj9:-2.vi,:+".v---;;;'i' i i . 13.8.(-':.'> . i , - . ' • i; i*- % i'il 8;4''i ,«'i'.',; 3V;i;i -',"•? .'•,'•. • 23.0,-.:.-; • ,.. . 27.6- .• • ' , • •'. : . i - - . 32.2 ',, 

Extraction Flow [Q]: [ft'/min] 0.615 1.230 1.845 2.460 3.075 3.690 4.305 

The Velocity [v] is: [fl/s] 0.45 0.90 1.35 0.47 0.59 0.71 0.82 

The Density [p] of Water 
atT = 60°F (Ibm/ft^ 62.353 62.353 62.353 62.353 62.353 62.353 62.353 

Absolute Viscosity [p] of 
Water at T = 60°F: [Ibf-sec/ft^] 2 .34E-05 2.34E-05 2.34E-05 2 .34E-05 2.34E-05 2.34E-05 2 .34E-05 

The Reynolds Number 
[Re] is: [dimensionless] 6,320.08 12,640.16 18,960.25 12,943.68 16,179.60 19,415.52 22,651.44 

T h e F l o w i s T u r b u l e n t . The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. T h e F l o w is T u r b u l e n t . 

Calculation of the Friction Coefficient [A] 

If F low is Laminar : 
T h e F r i c t i o n C o e f f i c i e n t 

[A] i s : [d imensionless] F l o w Not L a m i n a r F l o w N o t L a m i n a r F l o w N o t L a m i n a r F l o w N o t L a m i n a r F l o w N o t L a m i n a r F l o w N o t L a m i n a r F l o w N o t L a m i n a r 

If F low is Turbulent: 
E n t e r F r i c t i o n 

C o e f f i c i e n t [A]: [d imensionless] 0 .035 0.029 0.026 0.029 0.027 0.026 0.025 

Calculation of Major Headloss Due to Friction 
Loss 

Using the Darcy-Weisbach Equation 

Headloss h,... = A (1/ d^) (p v^/2) 
Relative Roughness for PVC, CPVC 8i ABS [c] = 0.0000233 

Headloss From SVE Pipe l't\,„.f] lor PVC: 

Enter Length [1] of S V E 

Pipe: ra i 105 * 1 1 5 ^ " 115 118 t ' 
* • i¥ Ir 

rf ' l 1 6 •̂ 173»^ 

The Headloss [h, „ „ , 

From the SVE Pipe is: [psi] 0.0295 0.1070 0.2173 0.0153 0.0222 0.0307 0,0596 

Headloss From Fittings [h|o,,i] for PVC: 

Enter Number of STD 45° Elbows: '^••^'i:^s Ci-otw?'i'CS/ii; r5.:Aii;Vfl(Vi-feO 3 * i ; i t V ! | i W ii'Vii»M?3-;:&1:''i*S'iaif'f,!!i «;\{. ' !- ' i .- i ' .0.:^i i; i ;-.:«i 'a 
The Equivalent Length of 
Pipe is: [ft] 0 0 0 5.1 5.1 0 0 

Enter Number of 90° Elbows: ^mi\h:P?«i:J.i«P"«.:'::w '•i,Oi.;!''.S''KS''K'=rJ ••S'!i:"=f'̂ i:i?,-.i><C!a5KflSi-';i:iS 'i1;.:£;'iO:;;i*,-it:C •'• i ' : ' ' - ! ' ; i .r ' . ' i " ' f .3i; . :s«? 

The Equivalent Length of 
Pipe is: [ft] 5.7 0 0 0 0 0 34.2 

Enter Number of Tees (Flow Through Run): « : r * : "5iii»ii';-5'.-'̂ .w'i;.fi5 ;-;r'£,ti.*;«iji;ii;u\-i'f'S' !ir-i i: i '?ii 'Vi: ',;ai;i i! lrW5>ftf'; i l >•':. ;¥*;S:ii;1*i^;il^i:SiiM' r::;s:::;:MSSii|it*ii'4i;«SS'* ("^asS'-i^ sSO !S;S:iftv!-ii-. 
The Equivalent Length of 
Pipe is: [ftl 4 4 4 7.9 7 9 0 7.9 

Enter Number of Gate Valves: i:f.''^i'*;-hS-i'ron'''f:*.?':r:'v,' i 3 « * ; ^ 0 •'•^Ti^i i i- ' i ̂ ''̂  ':::;i;i5^i5.si5:(t>iO;i':'MiYy'?'Sii :S?*'',t-:i'!*̂ S0'«'fcii4?S^^^ i3h-ii7^-4!!^'* b .i'j!.-i.f ••f/•î :̂> ĉi•î :̂'̂ 0'!̂ •̂ t"? f̂•i,'';; !• .''••-'-•• (..•y';>\»0\'£7A:jri?®i 

The Equivalent Length of 
Pipe is; ra 0 0 0 0 0 0 0 

Enter Number of Globe Valves: c*Siv'i;;-«o=;;"-'::>Cii>'i iK - f i i ^ ' ^C ' .oKS 'a ' iM-® 'iy'^o';-:iS*S!?Oi;,4i^i?i':ft:;rf5 W-i:^-:'^iyH':k'--.':os-i&w.?.«':^A 'ji/Wfijf.iiW.y.Osi V-'ri-t y.' ••••• :,vr',J?'<^- ;-.'0-d.^:'i; 

The Equivalent Length of 
Pipe is: [ft] 0 0 0 0 0 0 0 

Enter Number of Ball Valves: w S ' i r ^ i & , i ; : 0 : ' . . : i , i i ' J i i j ; i ' ?! 'y- i .^¥:- 'S.fO'/S/ i'9iiM'-*.t wli^sii" :^!^Op:y:.S^;:ii^i ' f t f j f ,* ! ra!'S)Oit,!V#?:?-. /'ii'.i K l f i ' - y . ! ^ :<0 s<B;.ifi¥-«S :•,-• : - ; . " ! i -0 . ' ' . i t - i . -^-* i i '; is ' .Q., '"*. . ' : 

The Equivalent Length of 
Pipe is: [ft] 0 0 0 0 0 0 0 

Enter Number of Expansion Fittings (d/D = 1/4): 'Uf:'.-. .Vi'-O;..'.-:-,.•..:.„.,••.•' : .4 ' i ; " '^ ' i . - - ' • - :0 ' - . i . ' ' ;Si "• V ' ' .':\5j.'y.i.-KP-o;;iii-.;^v;-,-. :y i ' i> :S-V:>. .Oi i -K?, iy : ; . : i ^ i o.tVtTilt'Jii'-x';'^- . ' 'c- ;0 'Wi ' ' i ' - " - i . ' ,."~;' ', ' ' 0 ' ' • '-„•:-' 

The Equivalent Length of 
Pipe is: [ft] 0 0 0 0 0 0 0 

Enter Number of Expansi on Fittings (d/D = 1/2): T;i«'^i''r'':.o:, :̂ •̂ ,̂;••a l̂ . '^V;;'- ' i.: 'B-j-' ' •0'''..'i'iiri.'''i4'. i"i';:'i'*si?»:iviii''; •yi?!'i^i.J ,• -*•;;:•,'•"• :'V"v;:0.;i-. '"-sirii'y,;.'. uei>;:.;:K '«b^.'^'•^. • - '.. .•'•.";• ••••0 : • The Equivalent Length of 
Pipe is: [ft] 0 0 6.8 0 0 0 0 

Enter Number of Expansion Fittings (d/D = 3/4): i:IO-*X-i:b-̂ î -̂'S'i.̂ ? •'-::'•?•';•;•••' •'.'A"''''A'̂ '''"--''''- '-
•• .; '-f ' . ;-- i...,, iO:i. i '* j "„.,•.,. ii-'•"i^^V'ii^a »';i'"f'..'li.i'>':.'Oi..-a:. ' i l i ; ' ^^'^''-l^^-'O^W-i-'^^J. :i i?tfii j;^iio,i;^";;' ' '-i:^ 

The Equivalent Length of 
Pipe is: [ft] 0 0 0 0 0 0 0 

Enter Number of Reducer Fittings (d/D = 1/4): •i.l.t.'-,-. •• 0 - i.-: il. i.V-. 
i'.r.::v;*-nj'-rii .si'tS-i:-:-^.?. ,V f- it-r'-'-s:''".":! ''.'S '̂-.'- i . • 

t •: r 0 ' , • - i- i ' 
••' ->'';i 

The Equivalent Length of 
Pipe is: [ft] 0 0 0 0 0 0 0 

Enter Number of Reducer Fittings (d/D = 1/2): 
U..?̂ -'> i V . ^ , - , i ' i ' . - V 
S ' i ' i i i •<'iO,:i'':--i'--i, ••• <;i;.-'?.i;i:''->--;'.'.o,-»,̂ ..'-, y-.-i^'i-i^^'iO-^^f^-i'^'':. " ; S ! ' r ; ^ - . i ; o 4 v ^ - ' ' i ' ' . v : 

The Equivalent Length of 
Pipe is: ra 0 0 0 0 0 0 0 

Enter Number of Reducer Fittings (d/D = 3/4): 
i.^^--'^f:fj:.r-:-ii; Vp--'^^ 
i.i'l¥'t?''-.;:i'.Oi'i'>:';' •y- 'v'̂ -'Sii'i'̂ bh^f^.r'-^-fj r̂ i?v;:'n.';;>?-r-̂ '̂ 'ps?i 

•' '̂ .'•: •-.-'•f^>!r;'iO.'i>'-/,;t.;;"ijiai 
\^^Myi^:^''Wi ^'•i '- ' .-c! ' .?.i. 'o'•.::;:" i ' 

The Equivalent Length of 
Pipe is: [ft] 0 0 0 0 0 0 0 

Enter Number ot Addition 
thai Branch): 

al Fittings ( lee w/How 
M'^:ViS}^.vM'^ M::̂ 'f'-iî i?t,̂ -̂ r? ; ' ' ; ; ' : "KC?-| iC-; ' ' '? ' '•'••:••' 

.. . i" ' i : ' ' : i1'->'V.^-J-',<Ji" i--JL'f,.:^.it'.: • '.1'",S'- ^ s j f r . ' .>.'•. ii.''»-'..:y''»': W::i^^%':^i^/ ' ̂;">,̂ ':'̂ 'rii-? '̂':?i 
Enter the Equivalent 
Length of Pipe for That 
Fitting: [ft] 

'^•Vn}'-'^)-.i^'.^'.''^ 
i.i.s.'i^%'- 'o:-^:x.:£;:'- ••^•f-.''*'i2'2#.'¥';:v;.''..s.'-? 

'*-^^'5«^tS^'i\-^f '^ ' '^ 
•^f*4^.;*:i';v'^..;;^.i*iiK 

'ri'¥'.-w'";:22.jvi,b,*̂ ?s;.' ':'••: '•'••, '•". ,'•''•',u,i 
' \ ' ' : ' , - ' 2 2 . . -

••"- *•--:• -- i'i ,••;•!: ''.',.'.y.̂  
:':i'-,-.' 22.>l".,:'t;-i . 

The Equivalent Length ol 
Ripe is: [ft] 0 12 22 22 22 44 22 

Total Equivalent Length 
of Ripe From Fittings: ra 9.7 16 32.8 35 35 44 64.1 

The Friction Coefficient 
[A] i s : [dimensionless] 0.035 0.029 0.026 0.029 0.027 0.026 0.025 

T h e H e a d l o s s 

F r o m the F i t t i ngs i s : [psi] 0.00273 0.0149 0.06198 0.0045 0.0067 0.0116 0.0221 

T O T A L H E A D L O S S [h|„ 

A N D F I T T I N G S : 

„ ] D U E T O F R I C T I O N 

Pipe No. 
Pipe No. 

901 
P i p e N o . 

902 

Pipe No. 
903 

Pipe No. 
904 

Pipe No. 
90S 

Pipe No. 
906 

Pipe No. 
907 

l l t e M — Itlomsp -*• l ^ l c f [psi] 0.0323 0.1218 0.2793 0.0198 0.0288 0.0423 0.0817 

Length of Pipe [ft] 105 115 115 118 116 117 173 

h,^/100 ft Pipe [psi] 0.031 0.106 0.243 0.017 0.025 0.036 0.047 

TOTAL HEAD LOSS 
GW-1 (psi) 

0.606 

Note: 
1. This calculation includes conveyance pipe headloss calculations (well head and down well head loss is not included). 
2. All conveyance pipe fittings are included in the calculation. 
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T A B L E 03 
HEAD LOSS CALCULATION 

WEST TRENCH GROUNDWATER LINE CW-2 

Enter Pipe ID N o . : Pipe No. 

rrr"~"~ îooi~ .̂—.-ir̂  
Pipe No. Pipe No. Pipe No. Pipe No. 

'°T'-'~"i"ioos''ri-'i~"f 
Pipe No. 

•••^XT^ •~^. 1006,?7-:'.,'°!'"̂ 7 
Pipe No. Pipe No. Pipe No. Enter Pipe ID N o . : Pipe No. 

rrr"~"~ îooi~ .̂—.-ir̂  i^. i"" i ' l--" •10ll2'. -,'-'si"i..i " ^ W ^ . ' ^ K O i - "•:;>..'•." ..• " . „ ; ; ' i o o 4 - \ ' ~ ~ ' - - ' 
Pipe No. 

'°T'-'~"i"ioos''ri-'i~"f 
Pipe No. 

•••^XT^ •~^. 1006,?7-:'.,'°!'"̂ 7 - .,^^^'ii-*-:^ioo7"'.. T' - ••'•• ' i ' ;;,.-:.'ioo8; , ' . ; ' . ' . • ! ' 1 0 0 9 s i X 
From: ..lVel/.Hea(JDA8-8..: • . .DA/ar1:Branch • -'... V... WellHeadOA/B-7 .-• .. .OA/B-4 Branch' r-'*. :.r- Well Head BAyS-J ., '- .c. DA/B-3 Branch. 1.." . r - .BA/S-3Branch . -.«'..WelMJeadBA«:S-v.-,- V , ; j e - IMf tHeader 

1 To: iDA/B-1 Branch - DA/B-4 Branch.'.; ..° : 4''r1002 Header. ' ' DA/B-5 Branch ' . DAyff3 Branch.-:' -.- • ' ' 4"-1007 Header :. '• -:: 4"-1009 Header ' . : 14-̂ .1009 Header • ' •., GW Sump - • »k.i 

Calculation of the Reynolds Number 

Re = [(<lhvp)/Ml 

Diameter of Pipe [dJ; [inches] 2.047 3.998 2.047 3.998 2.047 3.998 3.998 2.047 3.998 
Assumed Operating 
Temperature [T]: TFI 60 60 60 60 60 60 60 60 60 
Extraction Flow [Q]; Iqpml • - . i 4.6 .- • <•-;-9:2.i'1 •".".'. '?•' •v.;''i-'-,'v..i.=4.6'- ' '• ••' •••••.. ; -. .-. '...18:4- :• .r-. - . :••..•'•.. 4:6. . : i -•'.•-;. •.•:l . - . . . . ' •9 .2X ' ; '--••. V :f '•J. - ' ^ " " 32.2 -1 •:,• . - i ' . -'•'. ^4.6 " . " • . • • . " '36.8 • .•.'•-' . .•. 
Extraction Flow [0]: [ft'/minj 0.61 1.23 0.61 2.46 0.61 1.23 4.30 0.61 4.92 
The Velocity [v] is: [ft/sl 0.45 0.24 0.45 0 47 0.45 0.24 0.82 0 4 5 0.94 
The Density [p] of Water 
atT = 60°F [Ibm/ft'l 62 353 62.353 62.353 62.353 62.353 62.353 62.353 62.353 62.353 
Absolute Viscosity [p] of 
Water a l T = 60°F: (lt)f-sec/ft'J 2.34E-05 2.34E-05 2.34E-05 2.34E-05 2.34E-05 Z.34E-05 2.34E-05 2.34E-05 2.34E-05 

The Reynolds Numlier 
[Re] is: [dimensionless] 6,320.08 6,471.84 6,320.08 12,943.68 6,320.08 6,471.84 22,651.44 6,320.08 25,887.36 

The Flow is Turbulent. The Fiow is Turbulent. The Flow is Turbulent. The Flow Is Turbulent. The Flow Is Turbulent. The Flow Is Turbulent. The Flow Is Turbulent The Flow is Turbulent. The Flow Is Turbulent. 

Calculation of the Friction Coefficient [A] 

If Flow is Laminar: 

Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar 

The Friction 

Coefficient [A] is: [dimensionless] Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar 

Jf Flow is TurtjulenI: 

0.035 0.035 0.035 0.029 0.035 0.035 0.025 0.035 0.024 

Enter Friction 

CoefHctent [A]: [dimensionless] 0.035 0.035 0.035 0.029 0.035 0.035 0.025 0.035 0.024 

Calculation of Major Headloss Due to Friction 
Loss 

Using the Darcy-Weisbach Equation 

Headloss h ^ ^ = A (1/ dh) (p v'/2) 
Relative Roughness tor PVC, C P V C & A B S [£] = 0.0000233 

Headloss From SVE Pipe [ h , ^ ] for P V C : 
Enter Length [1] of SVE 
Pipe: [(tl . • ! i ' : . | i . . ¥ - t 1 3 ' A • • 

«4',.«"is;?'r'-ri*-'!'i»V'-5̂ ' 
l ' : . - : ' f ' i , ° . i f l 25 . - iV i ' ' iS t t 

-;'.UOT?:TOi;'^f%-ji''ii.*'' '5 , i ; i in j . . ; ' i r ; ; ' i : i ^ ;V" 
' i . . ; ' ' . : ! ' ^ ' ' . ' ' i i o i i V , , . . ' ) - i i 

'5''I''-«i,t>»''*i^v*'f ,*;• ;•• 
../"'iW*'i*a3':^-!i*':.'- " i -

y . V .-.aiW'W .',-,'. ' t . - lV: :,t 

'''Vi';s%'^iiS#if%;; 

The Headloss [hi^ai 

From the SVE Pipe Is: [psi] 0.0318 0.0049 0.0357 0.0133 0.0337 0.0043 0.0286 0.0149 0.0519 

Headloss From Fittings [ h i „ , l for PVC: 

Enter Number of STD 45° Elbows: ' ; , : v - . . ^ ' , - • i O U ' - i i S -• : '- ' ' iJ.rA-ii. lJ. ' i . ' . ' . u * * , •V:?---- •••TiA--' -ir. :.•':•'..-.J. ••r';-i^-' •'•»:' •i--.0:r-.':r.^iy v i •• ,-•-,?'.,' 'O'A.:-': . : ; . i ' : . . ' -»'-i- 0 . . ." >..'"i-'-'.'"0(!'"-'. •.•• •:• -,.••••'..•̂  -.= •'•'''0 ,- •-'t- 'V '-.^Ty- -- 3 ̂  .',-,,'-. ̂  '11^, 
The Equivalent Length ol 
Pipe is: [ft] 0 51 2.5 0 0 0 0 0 15.3 

Enter Number of 90° Elbows: VI • . : : . ; '0 - : : i ' ; • ' - . ' . . '-•:" .iO...•'"••^ ..7V,."'j.*,:;l;,; •.•;:.:;•.'•; . i ' ' . ' . - ;- . i : ' . , '0 ' ' , . .- • • ' • ' • i . ' '.ii':.}" • : ' ' i — r •»••'.•: ; ""••'•It •• •;•..;'. .• '•<:•:••.<•. --O'r'.-. 'i "-•• i!l'i'-.-T. I •• •- ' :" ' : . i . . ' . : -» '^ i i : ; j | 
The Equivalent Length ol 
Pipe is: Iftl 0 0 5.7 0 5.7 11.4 0 5.7 114 
Enter Number of Tees (Flow Through Run): •'>• 1. •:.: • 'a' '•> .-: ::i»,':",»;rf.'4T •,'i>/i<r,<f*:i'-2--.:;i";s'.'f'--'' ,;'''."'.:;S;;*i^:,3..vii'S/.i°.!ii; .- ' ,• .••„••. : :" 2 . - . ' . ' . - ' - • " ^ " ^ i . . . -'••'•1 -.-.'.. '̂ .-i •Ca:-...'. 2.'':':--.i<-afr- '.i- • - i - ' ' - - - . i . - " i ' i . ; . .• V - - . -
The Equivalent Length ol 
Pipe is: 1(11 4 7.9 11.9 23.7 11.9 7.9 158 4 7.9 
Enter Number of Gate Valves- '1 -, . • •'.-.•Of-v:'.' I-i-. .. • 0 .•.-'.;iJ;-«^i .'•:"-^--...,-Xi\or.sis!<«c •' i ' •'-.•'...•;•: :-!'.-.-.':«0.-,','"^H,V '•-.*,.->••.-• :o.'̂ :'."'.l --. ".' ',:>'•: .. • '-1-0 ••Jf/ . rf.'- •-0.'.";.'- ."^^ " ' K I ' .- ,'-0.:.'.-'. •; ....:i.'/ii.o:,-.- j...-i..--.rj.f 
The Equivalent Length ol 
Pipe is; Iftl 0 0 0 0 0 0 0 0 0 
Enter Number of Globe Valves: .'•••i'' ••.'•-. •r.'-ax•>•>:•.::• ,;i ''-"..{.-"O!:..::'.'.': - • •» ' -U'rl̂ ni..- ii'tii'r.O'^i. ','i;:v5i;'i /(-'•••:,^OVi..s*;i,-'':i.;;. .:.Vi,'ft'-...'.:=0 T. '-;--..:-. '•.•i'ir,.;.?;/o ••..•••....'•.'' -•'•<':;-;j.::'i'^or.'.«:i>i.--•:.-' 'f!i:'".i'i •t--^o:'-i:-x,t'y' • ^ '•.•.''o;'.•.*":,'.;•?•: 
The Equivalent Length c l 
Pipe is: (ftl 0 0 0 0 0 0 0 0 0 
Enter Number ot Ball valves: .vT •'".'.:,•••«••.;0»::- -=••:• • •:• V 1 ' ~ ',P'.a ]^-- '-^t ••-:.'r^ v:-:,^'..iv>'r?:'".iO-~'.:'-v(^-' •n:^^ : : f i ' . i . i '«- ' - ' iO.- , ' . i . -«t- i ; ^ ^ • . ^ • • - i - . :^0'--.W-' 1 .'•. •:'?^^r--j:';-;:0>,-'>,i V'; ' ,£ -V.^'i.ii'O .'''">'T.-;.T-i.; :-..r-i>--,-t(w.r'«0';:-/'-.'V«S'".-.'-: .."•..•..•a?i..c-,0-':-.:--J'--,' 
The Equivalent Length of 
Pipe is: (ft! 0 0 0 0 0 0 0 0 0 

Enter Number of Expansion Fittings (d/D = 1/4): w«fii-iO:i;*ra!' :,'si>. .•:;,;'.•.i;i-.I<.>:0:' (',.-: )S).-»:,'J ^.w:;--.'>'-.i;-.,>>.:o:-'V''̂ ''SVf.-: si^X'W.O'S,>•-.'•••-J.' ' i iJ ':.•. ••',••» •'-'.^'O-.'-;'!'-:'' . " i . . r-*"?!'..;.;••'.:i'O 'i.ii.*:'i' ...•«.;- !:-Wl-V"'ir.-.).-0,fi9-.',;•:.•?.?!* rS*'j-..'*.'-.;;-0:'*i'J<!-'i.*r,. i?ry-i:ws%o»jS»i«ie«» 
The Equivalent Length ol 
Pipe IS; Iftl 0 0 0 0 0 0 0 0 0 

Enter Number of Expansion Fittings (d/D = 1/2): « » • « : * • « . . • ' j w r w i i '«'ir»'-',"j".''Of«'-,'K .•.-»•••-•* :..,ijOt'."-x • ;•*•*: iii.;;S.',-'"':T..' ':.1-t..:fr';;»..«.« :i';';i/-<-';0f,;>?'j V-% •:*;' '••;;''Vi.t'te?«.ii;'"4',>wii;-• 4-<--ti.,-'.i-^0:., li-i-i."!.. 

The Equivalent Length of 
Pipe is; Iftl 6.8 0 6.8 0 6 8 0 0 6.8 0 

Enter Number of Expansion Fittings (d/D = 3/4): 'y^:s'-:x:'^JMh^'Mm •'it<Ri:^:6¥m'S>^:A te.»a;-:-.i-"0 :-<' '.l.»ii ..i '^^••^:'W:;kai'%i9m 
The Equivalent Length of 
Pipe is; (ftl 0 0 0 0 0 0 0 0 0 

Enter Number of Reducer Fittings (d/D = 1/4); 
'vii i'/cj-'i'̂ or' -;i->,r..̂ .:i'̂ -*̂ '̂5 
£KK*&:iO'(¥*»-; '^ sa' 

The Equivalent Length ol 
Pipe is; Iftl 0 0 0 0 0 0 0 0 0 

Enter Number o l Reducer Finings (d/D = 1/2): mmmmm ^S:? '5?! ' io?MSi: 
The Equivalent Length ol 
Pipe is: Iftl 0 0 0 0 0 0 0 0 0 

Enter Number of Reducer Fiitinqs (d/D = 3/4): 
«^3' ; t . ; t f : ' ' , * i jw«., ' i '7 i ••p. •:',;•>,•,;: •;»i>i'«-J'H 

•̂:*••.i.̂ a.oii•.,••:•••̂ »f̂ 'i The Equivalent Length ol 
Pipe is; [ftl 0 0 0 0 0 0 0 0 0 

Enter Number ol AddJOonal Fittings ( lee w/Flow 
thm Branch): 

'̂ •̂ '̂ ••̂ (̂•'[̂ •̂'••''̂ :'>:.̂  •' ":ji: 
.:-:i->.;f..'n;50v.-.i';- • S 

^•^ .^-^ . r : 'VL;*:ie.\r::J';.V: ^ 'r'",, 
^.•#J-S!rini i ' i ; \ iKr.. '^ 

; . i i '^S;J: ; ' i !^- i i^ ipi i '> •,i.t":'-i..-'-.;i '"r>'.'-' ' ' ' ' i-°» 
.'•'<.•'.. .1.;.' ' ' ,.:-'.„:::i • "'^ii;.--i':3^^'i;.-"'-"i • 

v ' :Vj ' ,^ : i j^ ' • i'i*V/'.^'„-;=M?'; 
• J - i ' , . i ' ' ' . ^ :S2 , ' ' - , . f - " : i . ' . ' ' •.••..•!S.if'','-. 2 i i . 

?'<:i 'n'i:::msy:'S^;-' ' i. 
- ' u i.-.-i-'.y.rVo,'-?!-.i.>il-

Enter the Eguivalent 
Length of Pipe for That 
Fitting; [ft] 

':i-%i~\fi 'y>.ij&. i l? t.''-.,i.^f';'i-*'-

, : i • -22-.:-.-.',*:3 iv'V.-jS • ••'?22: .'T^:---J^-y.i 

'• ' i - ' i . ^ " ivS'̂ i-'iV'-V'̂  

•';«v%-w4<''--';'i, H .li 
t.'l,.iif"f'ir,22^.iPl a'.:>/' 

,t\..i:*,-•<:••'''" ^*ii-.<i' --' 
f.-.>i f;i"'<V>-^<r--'•.>, 

V: - . ' ' - i22 ii:* '^' 

•••".'':.•'•''>--;•••" ••!''• 
i''.i!''i...;ii'''22':. •-••'!<:--' 

' ' '>p;^i?ii,,;:a;i;: 
••>-ri^J ->i22-^-.:i ;;•,«,• 

':'-^"-;W '•'•.:yii'-
vf^':^-22i^'^. 

The Equivalent Length ol 
Pipe IS; [ft] . 0 66 22 66 22 66 44 44 22 

Total Eguivalent Length 
of Pipe From Fittings: Iftl 10.8 79 49 89.7 46.4 B5.3 59.8 60.5 56.6 
The Friction Coefficient 
[A] is: (dimensionlessl 0.035 0.035 0.035 0.029 0.035 0.035 0.C25 0.035 0.024 

The Headloss [h io^ 

From the Fittings Is: [psi] 0.00304 0.0031 0.01378 0.0116 0.0130 0.0033 0.0206 0.0170 0.0247 

TOTAL HEADLOSS [ h ^ J DUE TO FRICTION 

AND FITTINGS: 

Pipe No. Pipe No. 
1001 

Pipe No. 
1002 

Pipe No. 
1003 

Pipe No. 
1004 

Pipe No. 
1005 

Pipe No. 
1006 

Pipe No. 
1007 

Pipe No. 
1008 

Pipe No. 
1009 

hion = hiMp hhmi [psi] 0.0348 0.0080 0.0495 0.0250 0.0468 0.0077 0.0492 0.0319 0.0765 

Length of Pipe [ft] 113 125 127 103 120 110 83 S3 119 

h k J i O O f t p I p e [psi] 0.031 0.006 0.039 0.024 0.039 0.007 0.059 0.060 0.064 

TOTAL HEAD L O S S 
GW-2 (psi) 1. This calculation includes conveyance pipe headloss calculations (well head and down well head loss is not Included). 

2. All pipe littings are included in the calculation. 
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TABLE D3 
HEAD LOSS CALCULATION 

EAST TRENCH GROUNDWATER LINE GW-3 

Enter Pipe ID N o . : Pipe No. Pipe No. 
*-iK>?S'-iio2rr:?fif^T 

Pipe No. 
~-x^7::'iA'my::7^'^f: 

Pipe No. 
• '^ ' IwW^l'W'taawv 

Pipe No. 

©ai'ig'?Mi.̂ 05.r̂ :s3s. 
Pipe No. 

From: ./..'UiWell HeadlBAyBrS'i'-v fSK"! D A / B T I 0 : B r a n c h . -ii V • .•DA/BM.TBranch-.a':,'..: ,̂ :̂«>?:"'MW-24i14(5Ka.«..v 'ASiftDA/Bsl 2;Branch?:a-Sf 'ftftSiiSDA/B^i.Uranch •.^..v.'i'i 
1 To: ':i<UiDA/B30BrariGhlB:J''( 'iiy.jS.DWBi.l-l'Bi^nchvit-.- '- .li- .DA/BTia.Branch^SS:^ -?''?;i4"f1.103iHeaderi»?iS .•S'SiBKDWBrSiBrarichi^.-;:.: S M^« ; ; i tGW.6umpf f i ; » t i ; 

Calculation of the Reynolds Number 
Re = [{dhVp);M] 

Diameter of Pipe [dJ: [inches] 2.047 3.786 3.786 1.913 3.786 3.786 
Assumed Uperating 
Temperature [T]: [°F1 60 120 120 120 120 120 
Extraction How [Q]: [gpmi tiirmsmiA'M'smssm ! £« ; ' i « igg9-2 t ; f -S iWi3 t ?'i5K?:iwi''?13mmMm' m-'h::yiss'^3i-2m^Jlimy:!i •f Q'ms20:4:::mms^ '5S«'*?PSi*25i??,r'»!im¥ 
Extraction Flow [Q]: [ft^/min] 0.61 1.23 1.84 0.27 2.73 3.34 
The Velocity [v] is: [ft/s] 0.45 0.26 0.39 0.22 0.58 0.71 
The Density [p] of Water 
atT pbm/ft'] 62.353 61.71 61.71 61.71 61.71 61.71 
Absolute Viscosity Qj] of 
Water at T [Ibf-sec/ft^] 2.34E-05 1.16E-05 1.16E-05 1.16E-05 1.16E-05 1.16E-05 

The Reynolds Number 
[Re] is: [dimensionless] 6,320.08 13,620.49 20,430.74 5,860.04 30,201.96 37,012.21 

The Flow is Turbulent. The Flow is TurbulenL The Flow is TurbulenL The Flow is Turbulent. The Flow is Turbulent. The Flow is TurbulenL 

Calculation of the Friction Coefficient [A] 

If Flow is Laminar: 
The Friction 
Coefficient [A] is: [dimensionless] Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar 

If Flow is Turbulent: 
Enter Friction 
Coefficient [A]: [dimensionless] 0.035 0.029 0.026 0.036 0.024 0.022 

Calculation of lUlajor Headloss Due to Friction 
Loss 

Using fhe Darcy-Weisbach Equation 

Headloss hk,.. = A (1/ d^) (p v^/2) 

Relative Roughness for P V C , C P V C & A B S [t] = 0.0000233 

Headloss From SVE Pipe [h|...p] for PVC: 

Enter Length W] of SVE 
Pipe: [ft] 

W^WSflfi9^l^<lSdlKFi 
'^-i-V'XiW'^;*^"^- (^-.^^:^'',iiBii^ ??«&«78.ti5g;iate«*; 

The Headloss [h|o„] 

From the SVE Pipe is: [psi] 0.0354 0.0044 0.0099 0.0030 0.0131 0.0258 

Headloss From Fittings [hto.^] for PVC: 
Enter Number of STD 45° Elbows: mm£:m,mm:mm& «S0f;?SSSJi;btSfflS5iSiSSi %5SSSsSisSSOKi'^*;Sf3S?'S^ 'm^s^/m»mespi •:^Mm£}m«m^m-p'? 
The Equivalent Length of 
Pipe is: [ftl 0 0 0 0 10.2 5.1 
Enter Number ot 90° Elbows: i!|fe'feKii; ' iO»i;^:iSSS:.' l •K'sSt^0'i-McOi-S?S5©a;5 
The Equivalent Length of 
Pipe is: Iftl 5.7 0 0 0 0 11.4 

Enter Number of Tees (Flow Through Run): « ? 5 ; W B S 3 < « a J S f i i ;fS?M-'M-l'MO^^-iiJf:^rM't''!k '¥i-W'iM^:s-'''^;^:^:^^w&M 
The Equivalent Length of 
Pipe is: [ft] 11.9 15.8 23.7 0 - 15.8 7.9 
Enter Number of Gate Valves; iSf::i::mS(:':OBm»is:imi •mmm,mfm:^jm 
The Equivalent Length of 
Pipe is: m 0 0 0 0 0 0 
Enter Number of Globe Valves: h^msf^'s::&i0'imiysimm :25;Sft 'aS>«*0ftim5ii!3S •£;SStSiB':^fiOS'-:'SXfS^ fiiii î seaiiiOsasiaiif'S!!' :'i.W*'#;<»4.b;?;-<f:-6'.-. 
The Equivalent Length of 
Ripe is: [ft] 0 0 0 0 0 0 

Enter Number of Ball Valves: a#si:;ESj«EO,;t»?;i.;f i-» 'Wii%iiiis;'fc'&b*ay??Hw&>s s<:f,:'?i:i'yi4»o,''!;ia:!feai!ii5;; ii'«ESiiK'!ti;0jt'>;*s2iiaiS( K«KS33£S'«0;S5i8Sii»^'S j ; i S« ' iKW 'W0?9HS»s -S ' *S ; 

The Equivalent Length of 
Ripe is: [ft] 0 0 0 0 0 0 

Enter Number of Expansion Fittings (d/D = 1/4): m::»MiMo'fmiM:'^ ms;s:}^;:mm^':::ims\::u î (s>il̂ '. iiH';s;ofcB*ssii'*,5 Vi:v'«iM:MS>::iSi:iS?it:m •jSi'm't^Sf^wMSfi^'i^.'^'m 
The Equivalent Length of 
Pipe is: [ft] 0 0 0 0 0 0 

Enter Number of Expansion Fittings (d/D = 1/2): m::?M:Miomimm :^'i^:*^i-'!^^-:'":^-:'-'l--'^^7r'r'-i-'i.''.';.5!-
M^^-K..,' ' .v.;>rit'1;'.-'i':;-/S:,---iitfc;.'̂ .-

The Equivalent Length of 
Pipe is: [ft] 6.8 0 0 6.8 0 0 

Enter Number of Expansion Fittings (d/D = 3/4): l i iM^o i i i a i i mmmmm The Equivalent Length of 
Pipe is: [ft] 0 0 0 0 0 0 

Enter Number of Reducer Fittings (d/D = 1/4): .?o' H i ; / 
Jt 1. rv r \ 

The Equivalent Length of 
Ripe is: [ft] 0 0 0 0 0 0 

Enter Number of Reducer Fittings (d/D = 1/2): \ ^f^^•^ ̂  
The Equivalent Length of 
Pipe is: [ft] 0 0 0 12 0 0 

Enter Number of Reducer Fittings (d/D = 3/4): . . - 0 % 
The Equivalent Length of 
Ripe is: [ft] 0 0 0 0 0 0 
Enter Number ot Additional Fittings (I ee w/l-low 
thru Branch): w 1 V"- .]\2'^K%^ 
Enter the Equivalent 
Length of Pipe for That 
Fitting: [ft] ^ '5 V 22 t i^ ^ 

^ tr 

^ 2 2 ^ 

The Equivalent Length of 
Pipe is: [ft] 12 44 66 22 44 44 

Total Equivalent Length 
of Pipe From Fittings: [ft] 36.4 59.8 89.7 40-8 70 68.4 

The Friction Coefficient 
[A] is: [dimensionless] 0.035 0.029 0.026 0.036 0.024 0.022 

The Headloss [hfc,„„ 

From the Fittings is: [psi] 0.01024 0.0025 0.00757 0.0031 0.0118 0.0165 

TOTAL HEADLOSS [hk,J DUE TO FRICTION 
AND FITTINGS: 

Pipe No. Pipe No. 
1101 

Pipe No. 
1102 

Pipe No. 
1103 

Pipe No. 
1104 

Pipe No. 
1105 

Pipe No. 
1106 

hlOM - h|oMp ^tlMf [psi] 0.0457 0.0069 0.0174 0.0061 0.0249 0.0422 

Length of Pipe [ft] 126 107 117 40 78 107 

hto../100ftPipe [psi] 0.036 0.006 0.015 0.015 0.032 0.039 

TOTAL HEAD LOSS 
GW-3 (psi) 

0.143 

1. This calculation includes conveyance pipe headloss calculations (well head and down well head loss is not included). 

2. All pipe fittings are included in the calculation. 
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REFERENCES 
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GROUNDWATER PIPING HEAD LOSS 



Pressure Drop Results Page 1 of 1 

Straight Line Loss Calculation Results 
Pressure Loss (psi): 0.049 Head Loss 
(ft): 0.113 

Job Number: Groundwater Line GW-2 
Client: 
Date: 2/8/08 
Line Number: Pipe 1009 Confirmation 
Fluid: Water 
Pipe/Tubing ID (in): 4.026 
Flow Rate (gpm): 36.8 
Viscosity (cP): 1 
Specific Gravity (water=l): 1 
Temperature (F): 70 
Pipe Roughness (ft): 0.000005 
Fluid Velocity (ft/sec): 0.93 
Reynolds Number: 28908 
Flow Region: Turbulent 
Friction Factor: 0.024 
Piping Length (ft): 119 
Pressure Loss (psi): 0.049 
Head Loss (ft): 0.113 
Iterations: 5 

'Copy and Paste' Pressure Loss or Head Loss into other applications 
If any output is NaN click back button and make sure all Fluid and Piping and Valves and Fittings fields contain 
values, enter 0 if necessary 

http://www.freecalc.com/frdiresl.htrn?job_nurn=Groundwater-fLine-fGW-2&client=&date=... 2/8/2006 



Pressure Drop Results Page 1 of 1 

Straight Line Loss Calculation Results 
Pressure Loss (psi): 0.2 Head Loss 
(ft): 0.463 

Job Number: Groundwater Line GW-1 
Client: 
Date: 2/8/08 
Line Number: Pipe 903 Confirmation 
Fluid: Water 
Pipe/Tubing ID (in): 2.067 
Flow Rate (gpm): 13.8 
Viscosity (cP): 1 
Specific Gravity (water=l): 1 
Temperature (F): 60 
Pipe Roughness (ft): 0.000005 
Fluid Velocity (ft/sec): 1.32 
Reynolds Number: 21114 
Flow Region: Turbulent 
Friction Factor: 0.026 
Piping Length (ft): 115 
Pressure Loss (psi): 0.2 
Head Loss (ft): 0.463 
Iterations: 5 

'Copy and Paste' Pressure Loss or Head Loss into other applications 
If any output is NaN click back button and make sure all Fluid and Piping and Valves and Fittings fields contain 
values, enter 0 if necessary 

http://www.freecalc.com/frdiresl.htm ?job_nurn=Groundwater-fLine-t-GW-l&client=&date=... 2/8/2006 



Flow Velocity & Friction Loss 
FRICTION LOSS 

KriclSon li)8S throuRh PVC land CPVC pipe is most commonly 
oblHincd by the ueo of Ihc Hazen-Williatn« equations as 
exprcftscd Ivlow tot v/txUsr, 

f - .2083 X i-^^) X fesf 
whetn; 

f frtclion head of feel of water per 100' for the specific 
pipe sixe and I.D. 

C • & constant for iolarnal pipo toughness. liK) ia thc 
cftmnonly ucccpia) value for PVC and CPVC pipu. 

G = flow rate of palfona per minute (U.fi. (rallons). 
dl ' inside diamelnr of pipo in inches. 
Compared to other malcrials on cî nstnictlon for pipe, thermo

plastic pipo smoothnoM) remains relatively constant through
out its service liTo. 

WATER VELOCITIES 
Velocities for -Mrntor in foot per second at different GPM's and 

pipe inside diameters can bu calculoled as follows: 
V = 3208 

whoro: 
V " velocity in feet per second 
0 B }ta11uns per minute 
A - inside cro<>5scction(ilat-ftn in square inches 

THRUST BLOCKING 
Tn addition to limitine velocities to S'/sec, especially wilh 

larger diameters (C and above), consideration should be driven 
to fitrcsAOs induced with inlcrmUtent pump opcttiklion, quicV 
opening valves and back flow in elevated discharge lines. Use 
of bypasA piping with electrically actuated time cycle valves or 
vnrinole speed pumps and check valv«s on tho discharge side 
arc suggested with thc higher GPM rates. 

Thrust blocking should be conHid ercd for directionnl changes 
and pump operations in buried lines 10" and above, particu

larly where fahricaled fittings are utilized. Above grade instal 
latlons 10" «nd above should have equivalent bracing; to sitnu 
Isle thrust blnckinKtildirocliona} changes and for intermi iten 
pump oporatione. Thrust blocking of directional chanffea &n« 
time cycltt valves ore also recommnndod for large diamet<> 
druin lines in installationfi snch as large swimmlne poolc nn* 
tanks. Use of appropriaio pump vibration dsmpurs are alsi 
rooommpn.ded... . 

Pipe 
Sin 

Inchn 
Dtpth 
|ln.i 

FflOMS 
THRUST IN POUNDS 
TATICINTEKMLMU ssune Jslnl Rc* 

tlilinci 
T» 

Throit 

90" 
Ell 

Sihly 
Fidor 

Pipe 
Sin 

Inchn 
Dtpth 
|ln.i 

Far Plsfi, 
CipTu 

For for 
45" 
Ell 

Far 
80" 
Ell 

Jslnl Rc* 
tlilinci 

T» 
Throit 

90" 
Ell 

Sihly 
Fidor 

6 6 7.170 2.800 5.460 10,140 37.464 3.7 
a 6 11,240 4.330 8.590 15,690 46.774 3.1 

10 fi 16.280 6,350 12.440 23,020 81,054 3.5 
12 t% 23,040 fi,9&0 17.600 32,560 102.T41 3.1 
14 9 26.610 10,300 20,330 37,630 115.752 3.1 
16 10 34,910 13.620 26.670 49,360 1 $0,796 3.1 
IB 12 44,290 17.870 33,640 62.630 203.677 3.3 
20 12 43,410 16,640 32.400 59.070 226.194 3.6 
24 14 61,040 23,810 46.640 66,310 316,500 3.7 

Socket depths are from ASTMD 2672 for boiled end 1*VC pipe. 
Working prostures ulilitcd fur thc tnbulaiion above arc for Sch 
80 Z'-IB" siMS and SDK 160 p&i for 20" and 2̂ ' eize.s. 

The calculation for thrusts due to static internal pressure is 
Thrust = ((Av I.D.)»7r) (working pressure) (x> 

4 
X » LO for tees, eO" ells, plugs and caps, .390 for 22̂ /,'* bends, 

.764 for ib" ells. 1.414 for 00'' ells 
Joint Rcni Atatice to Thmst=(O.D.) (ir) (socket dnpth) (."ViO psi) 
300 psi c Min cement shear strength with good Acid cement

ing techniauc. 

FRICTION LOSS THROUGH FITTINGS 
Friction loss through fittings is expressed in equivalent feot Schedule40hcad loss per 100'valncsnrcusuaUy used forother 

of tho some pipe sixe and scncdulc for thc aystem flow rate. wal) thicknesses and standard iron pipe size O.D.*B. 

IKm V, y. 1 IK 2 zv,. 3 4 6 B 10 U 14 Ifi It 20 Z4 

Teo Run 1.0 1.4 1.7 2.3 2.7 4.0 4.9 6.1 7.9 12.3 14.0 17.5 20.0 25.0 27.0 32.0 35.0 42.0 

Toe Branch 3.8 4.9 6.0 7.3 6.4 12.0 14.7 16.4 22.0 32.7 49.0 67.0 67.0 78.0 86.0 107.0 118.0 137.0 

80° Ell 1.5 2.0 2.5 3.6 4.0 5.7 6.9 7.9 11.4 16,7 21.0 26.0 32.0 37.0 43.0 53.0 58.0 67.0 

45» Ell .8 1.1 1.4 1.8 2.1 2.6 3.1 4,0 6.1 6.0 10.6 13.5 15.5 18.0 20.0 23.0 25.0 30.0 

Values iO''-24": Approximate values Irom Nomograpn 
PRESSURE DROP IN VALVES A STRAINERS 

PrcHsuro drop calculations can be made for valves and where: 

X S r a ^ a S ' S ^ ^ ^ ^ ^ ^ ^ ^ " Pressure drop in PSI; feet of water = ^ 

• ^ • - ^ ^ g " ' " ' ^ CV I gSblTsS'rffiSparl PSIpressurodrop 

CV Factors GPM 

V 

llcin >/. Vi % 1 W 1% 2 Vh 3 • K 
True Union Bali Valve 1.0 6.0 B.O 15.0 39.0 76.0 90.0 140 0 330.0 480.0 600.0 

Single Entry Ball Valve 1.0 6.0 8.0 16.0 29.0 75.0 90.0 140.0 33O.0 480.0 600.0 
QIC Hall Valvo — — 8.0 15.0 29.0 75.0 90.0 140.0 .~- — _ 
Truo Ohock Ball Valve 1,0 3.0 4.C 10.0 26.0 45.0 65.0 90.0 226.0 324.0 345.0 
Y'Check Volve 

• — 
—. 6.0 6.0 12.5 40.0 40.0 65,0 130.0 160,0 250.0 

S-Wa/ Flanged Ball Valve — — S.O 10.0 16,0 — 45.0 £5.0 — 20O.0 350.0 
Noedle Valve Full Open 5.0 7.5 8.0 ~ — — — — — — — 
Angle Valve 1.0 — S.O 10.0 16,0 — 4S.0 70.0 — — — 
Y-Strsiner (clean screen) — — 3.8 6.6 8.4 20.0 25.0 3S.0 60.0 60.0 65.0 
Simplex Baakoi Strainer 

55.0 12S.0 155.0 (clean scroen) — — 6.0 9.5 29.0 — 40.0 55.0 12S.0 155.0 

Duplex Onskol Strainer 
35 0 80.0 100.0 (clean screen) — — S.O 6.0 7.0 — 28.0 35 0 80.0 100.0 
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• TABLE 
Physical Propei of Water (BG Units)' 

62> 

Specific Dynamic 
Density, Weight*", Viscosity, 

Temperature P y /» 
CF) (slugs/fP) Ob/ft') (Ib-s/ft̂ ) 

Kinematic 
Viscosity, 

(ftVs) 

Surface 
Tension', 

Ob/ft) 

Vapor 
Pressure, 

Pv 
[lb/ui.̂ (abs)] 

Speed of 
Sound^ 

(ft/s) 

3si A. 6r-

4< 

32 
40 
50 

-60-
70 
80 
90 
100 

-m-
140 
160 
180 
200 
212 

1.940 62.42 3.732 E - 5 1.924 E - 5 5.18 E - 3 8.854 E - 2 4603 

1.940 62.43 3.228 E - 5 1.664 E - 5 5.13 E - 3 1.217 E - 1 4672 

1.940 62.41 2.730 E - 5 1.407 E - 5 5.09 E - 3 1.781 E - 1 4748 

- 1.938 62.37 2.344 E - 5 1.210 E - 5 5.03 E - 3 2.563 E - 1 4814 
1.936 62.30 2.037 E - 5 1.052 E - 5 4.97 E - 3 3.631 E - 1 4871 
1.934 62.22 1.791 E - 5 9.262 E - 6 4.91 E - 3 5.069 E - 1 4819 
1.931 62.11 1.500 E - 5 8.233 E - 6 4.86 E - 3 6.979 E - 1 4960 
1.927 62.00 1.423 E - 5 7.383 E - 6 4.79 E - 3 9.493 E - 1 4995 
1.918 61.71 1.164 E - 5 6.067 E - 6 4.67 E - 3 1.692 E -1- 0 5049 
1.908 61.38 9.743 E - 6 5.106 E - 6 4.53 E - 3 2.888 E + 0 5091 

1.896 61.00 8.315 E - 6 4.385 E - 6 4.40 E - 3 4.736 E -(- 0 5101 

1.883 60.58 7.207 E - 6 3.827 E - 6 4.26 E - 3 7.507 E -1- 0 5195 

1.869 60.12 6.342 E - 6 3.393 E - 6 4.12 E - 3 1.152 E -1- 1 5089 
1.860 59.83 5.886 E - 6 3.165 E - 6 4.04 E - 3 1.469 E -f 1 5062 

"Based on data from Handbook of Chemistry and Physics. 69th Ed., CRC Press, 1988. Where necessary, values obtamed by inteipolation. 
'Density and specific weight are related through the equation y — pg. For this table, g = 32.174 ft/s^. 
'In contact with air. 
"From R. D. Blevins, Applied Fluid Dynamics Handbook, Van Nostrand Reinhold Co., Inc., New York, 1984. 

40 60 
Temperature, °C 

100 120 

iscosity of common fluids (at atmospheric pressure) as a 
to BG nnits of ft̂ /s moltiply mVs by 10.76. Curves from 
roduction to Fluid Mechanics, Third Edition, Wiley, New 

• TABLE B.2 
Physical Properties of Water (SI Units)" 

Density, 
Specific 
Weight̂  

Dynamic 
Viscosity, 

Kinematic 
Viscosity, 

Surface 
Tension̂  

Vapor 
Pressure, 

Speed of 
Sound̂  

Temperature 
CC) 

P 
(kg/m )̂ 

y 
(kN/m') 

M 
(N-s/m^) (mVs) (N/m) 

Pv 
[N/m (̂abs)] (m/s) 

0 999.9 9.806 1.787 E - 3 1.787 E - 6 7.56 E - 2 6; 105 E -1̂  2 1403 
5 1000.0 9.807 1.519 E - 3 1.519 E - 6 7.49 E - 2 8.722 E -f 2 1427 

10 999.7 9.804 1.307 E - 3 1.307 E - 6 7.42 E - 2 1.228 E -t- 3 1447 
20 998.2 9.789 1.002 E - 3 1.004 E - 6 7.28 E - 2 2.338 E -f 3 1481 
30 995.7 9.765 7.975 E - 4 8.009 E - 7 7.12 E - 2 4.243 E -f 3 1507 
40 992.2 9.731 6.529 E - 4 6.580 E - 7 6.96 E - 2 7.376 E -1- 3 1526 
50 988.1 9.690 5.468 E - 4 5.534 E - 7 6.79 E - 2 1.233 E + 4 1541 

60 983.2 9.642 4.665 E - 4 4.745 E - 7 6.62 E - 2 1.992 E -I- 4 1552 

70 977.8 9.589 4.042 E - 4 4.134 E - 7 6.44 E - 2 3.116 E -1- 4 1555 

80 971.8 9.530 3.547 E - 4 3.650 E - 7 6.26 E - 2 4.734 E -1- 4 1555 

90 965.3 9.467 3.147 E - 4 3.260 E - 7 6.08 E - 2 7.010 E -1- 4 1550 
100 958.4 9.399 2.818 E - 4 2.940 E - 7 5.89 E - 2 1.013 E -1- 5 1543 

"Based on data from Handbook of Chemistry and Physics, 69th Ed., CRC Press, 1988. 
•"Density and specific weight are related through the equation y = pg. For this table, g = 9.807 m/ŝ . 
'In contact with air. 
"From R. D. Blevins, Applied Fluid Dynamics Handbook, Van Nostrand Reinhold Co., Inc., New York, 1984. 



PVC SCHEDULE 40 PIPE 
SPECIFICATIONS 
• N.S.F.: All PVC Pipe from the Ryan Herco Products Corp. will meet or exceed the requirements of the 

National Sanitation Foundation No. 61 for conveying potable water. 
• ASTM: The material used in the manufacture of pipe for the Ryan Herco Products Corp. will meet ASTM-

D-1784-65T for a PVC Type 1 material. The Schedule 40 and Schedule 80 Pipe conforms to ASTM-D-1785. 
• CS (Commercial Standard): CS-207-60 is the industry standard for Schedule 40 and Schedule 80 PVC 

pipe, and is met by pipe from the Ryan Herco Products Corp. in both schedules. PVC pipe meeting this 
specification has the same O.D. and I.D. as the corresponding schedule of iron or galvanized pipe. 

ORDER: 3g00.(Size No.) PVC PIPE, SCHEDULE 40 20 ft. length standard 

SAFE FOR 
CONVEYING 

POTABLE WATER 

N o m . M i n i m u m P r i c e 
P i p e A v e r a g e W a l l N o m . Wt. IVIax. Work Per Foot 

S i z e S i z e O .D . I.D. T h i c k n e s s ( lbs . / P r e s s u r e P l a i n 
No . ( in.) i n . (mm) in. (mm) i n . (mm) 100 ft.) (ps i ) * E n d 

002 . • • 1/4 0:540 -••:m^)r-
. "'•" (17.1) 

0.344 ' (8.7). 0.088- (ss'i? 7-.8,:' • •. ••' 780 " $.34 • 
003 •3/8 0:675 

-••:m^)r-
. "'•" (17.1) .0;473 • (12.0) 0.091 •• •":(2:3);:;,i:,; 16.5 . 620 .'46 

005 1/2 0.840 (21.3) : •_ 0.602 • (15.3) 0.119 -: (2:8)' • .16:4- ' \ • 600 .20 

007 3/4' ~ 1.050" (26.7) "o!804'' (20.4) ar23 "(2.9) " " ' 2178 " ' ' 480 .26 
010 1 1.315 (33.4) 1.029 (26.1) 0.143 (3.6) 32.1 450 .38 
012 1-1/4 1.660 (42.2) 1.360 (34.5) 0.150 (3.8) 43.4 370 .50 

"oi's •~ "•fr'ijz. '1.906 . . (48:3),-:^ '' = '1T590 .(40"4)~ " "oTiss 330 ' .60 ' ^ 
020 2 2.375 (60.3) • 2.047 (52:0) 0.164 . . (4.r)nf? 69.4 . 280. . - .80 : 
025 2-1/2 2.875 (73.0). - 2.445 . (62.1) 0.215 (5.4) • / •' 110.0 300 1.26 

030 3 ' 3.500 (88.9) "37642" (77.3) 0.229 (5.9) " M ' 3 . 4 ' 260 1.64 
040 4 4.500 (114.3) 3.998 (101.5) 0.251 (6.3) 204.1 220 2 .32 
050 5 5.563 (141.3) 5.015 (127.4) 0.273 (6.9) 272.6 190 3.18 

- 060 " - . . 6*625~ '"(:168".3), " •6.031 (153.2) 0.297 " 359.7 180, 4 .08 
080 8 • .8.625 j(219.1-): ; .7.941 (201.7) :0,341 (8.7) 547.9 160 . ' ' 6 .18 , 

SCHEDULE 40 LARGE-DIAMETER PROCESS PIPE 20 ft. length standard 

1 0 0 . •10 • 10.750 (273r1) •-': 
. (323:9) 

• 9.976 (253.4) 0.365 (9.3) ' 753.2 . 140 . 8.50 
120 12 12.750 

(273r1) •-': 
. (323:9) i 11:890 (302.0) 6.406 (10.3); 

(11.1) ' 
'994.9 , 130 • i r ; 2 2 

140 . , 14 14.000 ; , v(356:0) . :.:.13.p72' ' J332.6);^ • 0.438 
(10.3); 
(11.1) ' , 1181.0 130 22 .68 

160 ' " Ve I6.060 " " ' (406 .0 ) ' 14.946" "7379.0)"" • "'6.560' (12.7) 1542.b" 130 ~ 2 9 . 6 0 ' 
180 18 18.000 (457.2) 16.809 (426.9) 0.562 (14.3) 2011.2 130 42 .07 
200 20 20.000 (508.0) 18.743 (476.1) 0.593 (15.1) 2362.4 120 92 .60 
240 24 24.000 (609.6) 22.540 (572.6) 0.687 (17.4) 3287.3 120 75 .17 

We can square-cut pipe to your requirements. 
Minimum available quantity Is one length. 

"Maximum working pressure is calculated at 73T. 

NOT RECOMMENDED FOR COMPRESSED AIR OR GAS 
110.310.110 All 

LARGE DIAMETER MOLDED 
PIPE FITTINGS 

TEES, all-socket, PVC 
3401.100 tee, 10" (140 psi) $655.06 
3401.120 tee, 12" (130 psi) 967.88 

90° ELL, socket x socket, PVC 
3406.100 ell, 10" (140 psi) 526.21 
3406.120 ell, 12" (130 psi) 705.75 

45° ELL, socket x socket, PVC 
3417.100 ell, 10" (140 psi) 343.77 
3417.120 ell, 12" (130 psi) 509.44 

COUPLING, socket x socket, PVC 
cnATiiDPC 3429.100 coupling, 10" (140 psi) 57.58 

u . ^ 1̂, I .,1 . 1^^* 3429.120 coupling, 12" (130 psi) 84.76 
• We have tees and elbows available, injection-molded from 3429.140F coupling, 14'' (130 psi) . 137 63 

type 1 PVC at 73 F for the pressures (listed at ambient 3429.160F coupling, 16" (130 psi . 15350 
temperatures) shown in parentheses. 

• Ten through sixteen-inch couplings-are fabricated from 
Schedule 40 PVC pipe. 

• Complete listings of other fabricated fittings appear on 
pages 146-147. 

110,320.110 Tee 
110.340.110 90' 
110.340.230 45" 
110.410.180 Cplg 
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HI-TEMP CPVC PIPE 
FEATURES 
• Conforms to the following standards: 
• ASTM-F-1784-CPVC compound used in the manufacture 

of pipe and fittings. 
ASTM-F-441-CPVC Schedules 40 and 80 pipe dimensions. 
ASTM-F-437-CPVC threaded fittings, Schedule 80. 
ASTM-F-439-CPVC socket fittings, Schedule 80. 
ASTM-F-493-Solvent cement. 
Temperature ratings up to 210°F. 
Joining systems: Solvent-cementing pipe to socket fittings 
is the most common joining method. Threaded systems 
permit approximately one-half the working pressure of a 
solvent-cemented joint at ambient temperatures. 

• Your Ryan Herco Service Center can provide a number of 
other products in CPVC to complete your system Including 
pumps, valves, switches, and other accessory items. 

SPECIFICATIONS 
• Material: CPVC type 4, grade 1 (Cell Classification 23477-B) 

meets the specifications for rigid CPVC per ASTM-D-1784. 
• Dimensions: Schedule 80 CPVC fittings from your Ryan Herco 

Sen/ice Center meet or exceed the requirements of ASTM-F-
437 (threaded fittings) and ASTM-F-439 (socket fittings). 

NOTE: DO NOT THREAD SCHEDULE 40 PIPE 

3668.(Size No.) CPVC STANDARD PIPE, SCHEDULE 40 

NOT RECOMMENDED FOR COMPRESSED AIR OR GAS 

Standard Lengths: 20 ft. 

Nominal Minimum Nominal Maximum Price 
Size P ipe O.D. Avg Wa 1 Weight Working per Foot 
No. S i z e I.D. Th ickness ( lbs./ Pressure Plain 

(in.) in. (mm) In. (mm) in. (mm) 100 ft.) (PSI)* End 

002 i /4- ' • • 0:540 (.13:7) , 0.364. . (8.7) ^ 0.088 (2.2) 8:7 ' 780 , $.60 
003 • . 3/8 • 6:675 . {17.1) 0:473 : (12.0) , 009V (2.3). . '11.7 - 620- '. .78 
005 I./2;. 0.840 : (21.3) • 0.602 (15.3) .- 0.109 (2.8) ,18.0 ,590^ !82 

007 3/4 1.050 (26.7) 0.804 (20.4) 'o.Tis (2.9) ' " 2 3 . 9 ' 480 '~1.08 
010 1 1.315 (33.4) 1.029 (26.1) 0.133 (3.4) 35.2 450 1.60 
012 1-1/4 1.660 (42.2) 1.360 (34.5) 0.140 (3.6) 47.5 365 2.16 

'' ' 015 1.900 (48.3) ' 1.590 7 '(40:4) '''7 •: "•o~i45 (3 7) " 56~8 "330 ~,,~2758 ~ 
020 ''• '2-7 "•• .• 2.375 (60:3) 2.047 (52.0) : 0 154 (3 9) 76 1 275 3 44 
025 2-1/2 2.875 (73.0) 2.445 • (62.1). 0.203 (5.2),- 120.1 . 300 5 42 

030 3 ' ' 3.500 ("88.'9)'~ 3.042 (77.3) 0.216 (5.5) 157.2 260 7.10 
040 4 4.500 (114.3) 3.998 (101.5) 0.237 (6.0) 223.9 220 10.12 
060 6 6.625 (168.3) 6.031 (153.2) 0.280 (7.1) 394.5 175 18.66 

080 

._ --'•^^•^ •~-
8.'62'5 TfiaijT" :,. 7.943 • (201.8)" 0.322 : (8.2) :595.8 , • ""160 ' ~ , 32.00 

100 10 10.750 (273.1) 7.9.976 (253 4) 0 365 (9.3) 8*45 8 • 140 ' , 54.72 
120 s7 12 12.750 (323.9) 11:890 • (362 0) 0 406 (10 3) 1117 2 , ,130 . 72.28 

3670.(Slze No.) CPVC HEAVY WALL PIPE, SCHEDULE 80 110.110.110 StancJard 110.120.110 Heavy Wall 

002 .1/4.. . 0.540- (.13.7) 0.282 7: (7.2) •O.'l 19 . (3.0) 7 ̂ ^Kio:^'-7-7 . 1130 $1.24 . 
003 3/8 0.675 (17.1) 0.403 (10.2) 0.126 ' (3:2)0- • •••• 15.2 ""•']: '.-.•y- .9i '5f, '° ' h . 7 0 ' 
005 1/2: 0.840 (21.3) " 0.526 (13.4) 0.14a (3.7),, 22.2 - 7 850 , .'88 

'007 ' ""374 " 'l.050 " " "" (26.7) ' " "b.722 (18.3) " a i 5 4 " (3.9) " 30.1 690 iTi 8 
010 1 1.315 (33.4) 0.935 (23.7) 0.176 (4.5) 44.2 630 1.72 
012 1-1/4 1.660 (42.2) 1.256 (31.9) 0.191 (4.9) 61.2 520 2.38 

015 - 'J-{/2~"' 1.900 (48.3) -
(60.3) .: 

, 7 1.476 - (37.5) 0.200f (5 1), , 74 1 470- 2.88 
020 . 2.375 , 

(48.3) -
(60.3) .: 1.913 - (48.6) 0218 (5 5) 102 5 400 , 4.00 ' 

• 025 2-1/2 2.875 
•_^ ,.<,•„ 

(73.0) ,: 2.291 .7 (58.2) 0 276 (7 0) 156 6 425 [ ' 6i08 

030 3 ' 3.500 ' (88.9) 2.864 (72.7) 0.300 (7.6) 209.4 375 8.14" 
040 4 4.500 (114.3) 3.786 (96.2) 0.337 (8.6) 306.1 320 11.90 
060 6 6.625 (168.3) 5.709 (144.8) 0.432 (11.0) 584.5 270 23.16 

080 "'"8:625 -" (219.1) ' '7.565^ • (192 2) 0 500 (12 7) '887 8 "240 ~ " 37.82 
100 10 10:750 (273.1) 7 9.492 , 7 (241 1) 0 593 (15 1) 1342.9": 230 , 63.74 
120 12 12.750 (323.9) ,11.294 : (286.9) 0 687 (17 4) 1845 8 230, 87.62 

* The maximum working pressure is calculated at 73'F. See the Ryan Herco engineering 
section, page 635, to derate for higher temperatures. Minimum available quantity is one length. 

YES! WE OFFER QUANTITY DISCOUNTS 
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3^W ^9 DATE APP DESIGN GUIDE NUMBER SHEET OF 

/ Y J / ^ ^ THE RALPH M. PARSONS COMPANY 
ENGINEERING DEPARTMENT DESIGN GUIDE 

5/27/76 DSG-MP-6A A-2 - A-28 

Table 1 - Normal Fittings - Equivalent Lengths 

Elbows [1] Sudden Contraction Sudden Enlargement 

Pipe 
Size 

Vessel 
Outlet 

Vessel 
Inlet 

45 deg 
90 deg 90 deg 

(long radius) 
Run Branch 

Gate 
Valve 

Globe 
Valve 

Plug 
Cock 

Angle 
Valve 

Full 
Port Butter TXJ-

D I 
1 i_rr 

d D 

[2] 
Swing 
Check 

Pipe 
Size 

Vessel 
Outlet 

Vessel 
Inlet 

45 deg 
(short radius) 

90 deg 
(long radius) of 

Tee 
of 
Tee 

Gate 
Valve 

Globe 
Valve 

Plug 
Cock 

Angle 
Valve Ball 

and 
Plug 

Valve 

fly JJ i • LJ_ 
[2] 

Swing 
Check 

d 
(in.) Thd Weld/. 

Fig 
Thd 

Weld/ 
Fig 

Thd 
Weld/ 
Fig 

of 
Tee 

of 
Tee 

Ball 
and 
Plug 

Valve 

Valve 
d/D = 
1/4 

d/D = 
1/2 

d/D = 
3/4 

d/D = 
1/4 

d/D = 
1/2 

d/D = 
3/4 

[2] 
Swing 
Check 

Equivalent Length (ft) 

1/2 1.9 3.7 0.8 0.4 1.7 1.1 0.7 1.1 3.3 0.7 17 0.9 7.3 0.7 1.6 1.2 0.7 3.2 2.1 0.7 6.8 

3/4 2.5 4.9 1.0 0.6 2.1 1.4 0.9 1.4 4.2 0.9 23 1.2 9.7 0.9 2.1 1.6 0.9 4.3 2.7 0.9 9.0 

1 3.1 6.2 1.2 0,7 2,6 1.6 1.8 1 .2 1.8 5.3 1.1 28 1.5 12.1 1.1 2.7 2.0 1.1 5.4 3.4 1.1 11.3 

1-1/2 4.9 9.9 1.9 1.1 4.1 -2.4 2.7 1.8 2.7 8.1 l.«7 45 4 19 1.7 4.3 , 1.6 1.7 8.7 5.5 1.7 18 

2 

2-1/2 

6.2 

7.7 

12.3 

15.4 

2.4 

2.9 

1.5 

1.7 

5.2 

6.2 

3.1 

3.7 

3.5 

4.2 

2.3 

2.7 

3 5 10.4 

12.4 

? 7 '>9 3 2 2 5.3 4.0 

5.0 

2.2 10.8 6.8 2.2 23 2 

2-1/2 

6.2 

7.7 

12.3 

15.4 

2.4 

2.9 

1.5 

1.7 

5.2 

6.2 

3.1 

3.7 

3.5 

4.2 

2.3 

2.7 

• —' 

4.2 

10.4 

12.4 2.7 3.8 2.7 6.7 

4.0 

5.0 2.7 13.5 8.5 2.7 28 

3 9.3 19 3.6 2.2 7.7 5. 5.2 3.4 5.7 15.5 3.3 86 4.5 38 3.3 8.1 6.0 3.3 16.3 10.3 3.3 34 

4 12 25 5 3 10 •T) 7 4 7 20 4 112 6 48 4 7 11 8 4 22 14 4 45 

6 16 37 8 5 15 10 10 7 10 30 7 170 9 73 7 20 16 12 6 33 21 6 70 

8 23 46 9 6 . 20 13 13 9 13 40 9 225 12 98 9 28 20 15 8 43 26 8 90 

10 30 60 13 7 25 16 17 11 17 52 12 280 15 121 12 34 26 20 11 53 34 11 110 

12 37 74 14 9 30 19 20 13 20 60 13 340 18 145 13 40 32 24 13 65 41 13 135 

14 42 84 10 21 15 22 6,6 15 397 21 169 15 44 36 28 15 74 47 15 158 

16 50 100 11 24 17 25 78 17 453 23 193 17 50 43 33 18 88 53 18 180 

18 58 111 13 27 19 28 85 19 510 27 218 19 56 50 38 19 98 62 19 203 

20 62 123 14 29 21 32 95 21 567 30 242 21 60 53 40 21 108 68 21 225 

24 74, 148 17 35 26 40 120 25 680 36 290 25 76 64 48 25 130 82 25 270 

30 93 185 — 21 44 32 50 150- 32 850 46 360 32 100 80 60 -32 - 163 103 32 338 

36 111 222 25 5 -3 - 60 175 38 1,020 53 435 38 120 96 72 38 195 123 38 405 

42 130 259 --- 30 63 45 68 200 46 1,190 62 508 46 140 112 84 46 228 144 46 473 

[1] For 

[2] For 

reduced 

mission 

port, check manufacturer's catalog 

duo-chek valve, check manufacturer's catalog 



TABLE 04 
HEAD LOSS CALCULATION 

SOUTH TRENCH COMPRESSED AIR-LINE ABS-1 

Enter P ipe ID N o . : P ipe No . P ipe No . P ipe No. P ipe No . P ipe No . P ipe No. P ipe No . P ipe No. 
Enter P ipe ID N o . : P ipe No . 

• v ' ^ . ' : •; '1203 • • : ' •1204"- ' • - ' . • ' • ; •:"\v-^s: 1206",.•.'•;"•';• '1207 • .'•:' •.. ' ': :":i;:' i:. MM-'-; '•.I'^KS 

From: Well Head liAS-l : .. i , . . -JDAB-2-Branch'- ;. . ' • , ' . - :DAB-3 Branch DAB-4 Branch , ., , - DAB-6 Branch .• , • DAB-6 Branch .• .liAB-y Wellhead • :. .-. • 4/4','-l2a6:.i • :,: 
1 To: :; 1 OAB-ZBranch :,- . i - 'DAB-Sf l rar ich '• . , ' - •, DAB-4 Branch ' - '. , DAB-5 Branch, •. • • " ' ,DAB-6 Branch, ' . , • - 3/4"-1208 Header - ' ,•• , •3/4"-1208 Header . • •. 'AirCompressor' •'.-i^-: 

Calcu la t ion of the Reyno lds Number 

Re = [(d, V p)/M] 

Diameter of Pipe [dt,]: [inches] 0.754 0.754 0.754 0.754 0.754 0.754 0.754 0.754 

Assumed STP 
Temperature [T]: TF] 65 65 65 65 65 65 65 65 

Line Pressure [P] (psigl 70 70 70 70 70 70 70 70 

Enter Fiow [Q|: [scfml ...,),r-i.r':: 3.542:- :-•:,:-.." <i,i-.7:084 . . 10.626. . . 7.084,.-• . .. ••- ,,17.7;1«:.lV-:«J • ., , ;;-.i.21.252 • - 5 •M-.-S.-i>3:542- '.:'.-:'••;, - .;...5."-i 24.794 

Actual Fiow: [acfm] 0.6088 1.2176 1.8264 1,2176 3.0440 3.6527 0.6088 4.2615 

The Velocity [v] is: [ft/sl 3,27 6.54 9.82 6.54 16.36 19.63 3.27 22.91 

The Density [p] of Air at 
T = 65°F Pbmm'] 0.436 0.436 0.436 0.436 0.436 0.435 0.436 0.436 

Absolute Viscosity [p] of 
Air a t T = 65°F: [Ibf-sec/fr'] 3.82E-07 3.82E.07 3.82E-07 3.82E-07 3.82E-07 3.82E-07 3.82E-07 3.82E-07 

The Reyno lds Number 

[Re] i s : [dimensionless] 7,287.94 14,575.87 21,863.81 14,575.87 36,439.69 43,727.62 7,287.94 51,015.56 

The F low is Turbulent . The F low is Turbulent . The F low Is Turbulent . The F low Is Turbulent . The F low is Turbulent . The F low Is Tu rbu lenL The F low Is Turbulent . The F low Is Turbulent . 

Calculation of the Friction Coefficient [A] 

If Flow is Laminar: 
Tho Fr ic t ion 

Coef f ic ient [A] i s : [dimensionless] F low Not Laminar F low Not Laminar F low Not Laminar F low Not Laminar F low Not Laminar F low Not Laminar F low Not Laminar F low Not Laminar 

If Flow is Turbulent: 
Enter Fr ic t ion 

Coef f ic ient [A]: [dimensionless] 0.034 0.029 0.026 0.029 0.024 0.023 0.034 0.022 

Calculation of (Major Headloss Due to Friction 
Loss 

Using the Darcy-Weisbach Equation 

Headloss h , ^ = A (1/ d,,) (p 
Relative Roughness for PVC, CPVC & ABS [c] = 0.0000233 

Headloss From SVE Pipe [h,o..pl for PVC: 
Enter Length [1) of S V E 
Pipe: [ft] »;^^??H^*nb5?-% '̂5'i;- m^fiS)^'S-*'tsfm» 

•,4;H..W..,':118' t.-f-v.;:;.,v' •ii^i:--:w-u.,^:4'.',- *>5:'f 'h-.ef'̂  '79 -./..;: • "r-'-, '•••̂ i 

The Head loss [hto.,] 

F rom the S V E Pipe i s : [psi] 0.0289 0.1060 0.2171 0.1088 0.S466 0.4194 0.0218 0.4336 

Head loss F rom Fi t t ings [h,o,„] for P V C : 

Enter Number of STD 45° Elbows: !i!¥ii'!;s:'^5-:--o<'^c:«?''S-:: 'il)'::iSa:'fim2&tf':i%Zl-A v-p:-iC,'?iiMO'Vi:it:nr»" ! iS»r f . 'V- r iO, i , lT • ^ ' r ' , ' « 

The Equivalent Length 
of Pipe is: [ft] 0 0 0 1.1 2.2 0 0 0 

Enter Number cf 90° Elbows: .•;-r::>:,j«:-i -. •to">•••"•••:•.'.v.?--;,-- :„/.-™.-0).f-- ;,';;-if:'; (• -.O'-c ,!',•:",.*,-: ; -..-;.•:.-:.< •.3D'^i;.,*v<.'::-,-: 1- -. '^.:--.'-f..':;o.S"',i'-:'^i..'. • ., j-»£iV,--..-1 •-:-.. 1 ••-'.:'•-
The Equivalent Length 
of Pipe is: [ft] 2.1 0 0 0 0 0 2.1 2.1 

Enter Number of Tees (Flow Through Run): ; - . f i ' . ' : " :S: ; ; ' : i , ':•;..::::&,:'; • X U f S M - i .1-1A i :-'-fW-!*. ,Kl•~'v••;f:••,;.v1.l:rfi•''/:^,is ,.;:,,>:•••: rf.-^-I .': :. • :it-Oij:-::iV' .t^ :'-.ii; « iK< i .« o,-?:, ' : - i : i X- -: o 
The Equivalent Length 
of Pipe is: [ft] 0 1.4 1.4 1.4 1.4 0 0 0 

Enter Number of Gate Valves: •^(^^^^••p.iJ^.-,'M.,0-^?:iv'-^''vrLi* S-m:"j-:'.^-:.0''':'^-x>kr::':/ t/.".:«-.»»!to^'.v?i«w«i ..:-s.:;:v;i 'f:-,-:.03ffi;;i.;-;.v ..a;ffl>s;!.,OKai'-^.,/,:;::: ^MT.;v ' '^ . iO-. i " . ;** . - - '3Kf- ; 
The Equivalent Length 
of Pipe ts: Iftl 0 0 0 0 0 0 0 0 

Enter Number of Globe Valves: i.s:'"-.- .-.-"l.i'.'sO-ft:" . - . : : ' j'.K^r.'.'si.Qi-^ifl'.:-:. i : ; :r ;2.^, iO:Q:,-:T; '-2, ' :--> " 0 ' ' ! i i . ; •:.-;:•;:' :.,•:."-is-i'".'-'.o.'--;.;ftV..-'':-! --.̂ •̂  .H'5:.:5'j':-i?:0.'.;',-,''/.•.'iS'';. ': ,c--i >.''„;/i,:r.o-..''-i.:.:? rS-.-nj 
The Equivalent Length 
of Pipe is: Jftl 0 0 0 0 0 0 0 0 
Enter Number of Ball Valves: "ii.-';'!: 'i":>ii0..ir';miA'..-:j'S 6ji;;Vi;o^vi..f:0":;'&avii'*«s- f;;;w.:::;r^^orai.5:i«'M; MhtiitM* '0- i m j m » :• ;t<,'aKl-i-M'*0.'tr. '«JQ5's» 
The Equivalent Length 
of Pipe is: Ift] 0 0 0 0 0 0 0 0 

Enter Number of Expansion Fittinqs fd/D = 1/4): '-'^;^(C!*^?o;'-v7:i;r.i':: '.••fy:^-'^-.::-vi:mx : : - - ^ ' / ' ^ ^ v s . f O - . . : i ; i : . s * : - i-:>'..̂ -:',s;-v4o:w:-;̂ '?-."iV!::, •'"r-A»;>-ii. =0-••̂ .''̂ ^wv; 
The Equivalent Length 
of Pipe is: [ft] 0 0 0 0 0 0 0 0 

Enter Number of Expansion Fittings (d/D = 1/2): ; - - - : : : - , - ; : . 0 ? . . ..vT K'^5V•":^:^'•0;•7.?A•.";.-K.^• ''ft...:.^.-...:(yy.ii.''--i-.^^ -'•/̂ •f--•.,•'•'•-. iOSTi-* -? ' - ;.' '-Wr-fos;;';; ,.,-:•,•>• •:: '•i'-\'S':i;'\0':.-.'^'^-f'''r.'••-•'• •E:-?r.« . ' i - , ' ; ; o - - : '&••'* .tf:™! 
The Equivalent Length 
of Pipe is: Jftl 0 0 0 0 0 0 0 0 

Enter Number of Expansion Fittings (d/D = 3/4): ^&5^?So5M^^h* iMfim§P:^:-:^. 
The Equivalent Length 
of Pipe is: [ftl 0 0 0 0 0 0 0 0 

Enter Number of Reducer Fittings (d/D = 1/4): --̂ ?*''77';io:.̂ r̂7;:7:'' :.•*;•:•:.•-!•.' o*-..*'̂ -',5- ^!iL'''?fW.'ti:^^^::.'^: • • v,no if,f-..7-.-i »'-,-ir.'': •i" 
• •.•":•••'->';0:"'.i-- • - : ''^'••Si^'- ••5' oi^' ̂ -^O. 

The Equivalent Length 
of Pipe is: [ftl 0 0 0 0 0 0 0 0 

Enter Number of Reducer Fittinqs (d/D = 1/2): 
•','.9'Jjr'r'iS,~i-.'..,i&:'''^^^^^^^ ••fl^W^V.-f-^^^^M ••""•• 

r , ' - ' , - , K " ' O j " f e s l ; V ? : . 
.•:?.'i a /tosv,-.-?',-.'J ,;'•••,{,, 

The Equivalent Length 
of Pipe is: Iftl 0 0 0 0 0 0 0 0 

Enter Number of Reducer Fittinqs (d/D = 3/4): .-:-'.f,:.i' - v : , o : i . r ! " 
."^ l- .- .-r- i i . '.-

tt.-T:- • . : . . , 0 -
. ' ', - ' ' • • ' ' v ^ ' . i : - - " ' ; 

h^-j.y- -:.iS"'.-if^/'--^- ''7S!!?-f̂ S^sf' .^:^-•.;•^^•0,•?-,''i; 
;^^«-^i:••••:fe^^fv^;'i;f^-
S'Sl:--;.-'.\Dt:'-;-.ilS,:,, 

The Equivalent Length 
of Pipe is: [ft] 0 0 0 0 0 0 0 0 
tnter Number ct Additional hittings (I ee w/l-low 
thru Branch): 5§.*:?î 54s'î |î ^ •v7..:̂ .̂ >r:'̂ 7-;tf;̂ ;-•••m-'k-:^''-^-' ''i~^^"i-¥:MmSjms 
Enter the Equivalent 
Length of Pipe for That 
Fitting: 1ft] -6.1',.- - v.!:--.-' •.^/^••k'5:if^ta:;-7 ': .•;"•;,'•",'-5;i "•' •:̂ '''-:'5:i.!̂ ?->v: -v: 

.•-'•--̂ ••:,7K'.>^̂ ',-'-::̂ "f'$Sv̂  

?'€"f'>f^*» 
Vfti'S. . ''.5.T: Vf--..',.:.rfe The Equivalent Length 

cf Pipe is: Iftl 0 5.1 5.1 51 5 1 10.2 5,1 5.1 

Total Equivalent Length 
of Pipe From Fittings: (ftl 2.1 6.5 6.5 7.6 8.7 10.2 7.2 7.2 
The Friction Coefficient 
[A] is: [dimensionlessl 0.034 0.029 0.026 0.029 0.024 0.023 0.034 0.022 

The Head loss [hpo^,] 

F rom the Fi t t ings is : [psi] 0.00058 0.0060 0.01227 0.0070 0.0410 0.0668 0.0020 0.0624 

T O T A L H E A D L O S S [hk..] DUE T O FRICTION 

A N D FITTINGS: 

Pipe No. P ipe No. 

1201 
P ipe No. 

1202 
Pipe No. 

1203 

Pipe No . 
1204 

Pipe No. 

1205 

Pipe No . 
1206 

P ipe No . 
1207 

P ipe No. 
1208 

l l |o .» ° l^ lnap -*- h | i » i t [psi] 0.0295 0.1120 0.2294 0.1158 0.5876 0.4862 0.0238 0.4960 

Length of P ipe [ftl 105 115 115 118 116 64 79 50 

hi^JIdbfthpe [psi] 0.028 0.10 0.20 0.10 0.507 0.76 0.030 0.992 

TOTAL HEAD LOSS 
ABS-1 (psi) 

Note: 
1. This table includes conveyance pipe headloss calculations (well head and down well head loss is not included). 
2. All conveyance pipe fittings are included in the calculation. 

Page 1 of 1 
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Compressible Flow Pressure Loss Results Page 1 of 1 

Compressible Flow Pressure Loss Results Piping, Valves, and Fittings 

Pressure Loss (psi): 0.034 
Job Number: DPE-C 
Client: USEPA 
Date: 2/8/06 
Line Number: Pipe 301 Confirmation 
Fluid: Air 
Piping/Tubing Inner Diameter (in): 2.047 
Flow Rate: 10 SCFM 
Piping Length (ft): 96 
Viscosity (cP): 0.018 
Inlet Pressure (PSIG): -11 
Temperature (F): 60 
Pipe Roughness (ft): 0.00021 
Actual Pipe ID (in.): 2.047 
Fluid Velocity (ft/sec): 28.99 
Reynolds Number: 7862 
Flow Region: Turbulent 
Friction Factor: 0.0346 
Pressure Loss (psi): 0.034 
Net Expansion Factor: 0.995 
Inlet Mach Number: 0.026 
Outlet Mach Number: 0.026 
Density at Inlet: 0.019 
Specific Volume at Inlet: 52 
K l : 1054.83 
K2: 1035.36 
OveraU K : 19.47 
Specific Heat Ratio: 1.4 
M iterations: 167 
Friction Factor iterations: 6 

'Copy and Paste' Pressure Loss or Head Loss into other applications 
If any output is NaN click back button and make sure all Fluid and Piping and Valves and Fittings fields contain 
values, enter 0 if necessary 

http://www.freecalc.com/gasdiare.htm?job_num=DPE-C&client=US-i-EPA&date=2%2F8%... 2/8/2006 



X r i ' c v n i l u>J l u n o i i w J 1 t l f ) 

Flow Velocity & Friction Loss 
FRICTION LOSS 

I<'riction loss through PVC dnd CPVC pipe is most commonly 
obliiincd by Ihc uec of the Hazen-Williams equations as 
x̂prcKScd b<>low rorwiilcr; 

,_II)0_i»2 QiX'ia 
r 

when 

.2083 X {-H^) 

t & friction head of feet of water per 100' Tor tke spcciriic 
pipe siw and I.D. 

C • a constant for inlurnal pipe roiighnitss. l.'>0 ia thc 
cflmmunly ucccpict) value for I'VC and CPVC pipe, 

G = flow rate of paliona per minute fU.S. (rallons). 
di ^ in.<iidc diamelcr of pipe in inches. 
(Compared to other matcrinls on construction for pipe, thermo

plastic pipe smoî thncM remains relatively constant ihrough-
out its service )ifo. 

WATER VELOCITIES 
Velocities for water In feet per second at different GPM's and 

plpi! inside dianictcrti can bi; calculated as follows: 
V = .3208 

where: 
V = velocity in feel per sct-nnd 
G c ptallonepcrminutc 
A 3 inside cio<;s sectional arcn in square inches 

THRUST BLOCKING 
In addition to limitinc velocities to S'/sec, especially with 

I ArgCT diametcK (C" and above), condidcralion should be given 
lo KlTcenos induc(Mj with inlcrratttent pump operation, quick 
opening valves î nd back (low in elevated discharge lines. Use 
of hypasft piping wilh electrically actuated time cycle valves or 
v.'irioble speed pumps and check valved on the dischat(;e side 
arc GUKgcstcd with thc higher GPM rates. 

Thni»t blof-ldne nhould be conuidercd for directionalchangou 
find pump operations in biiricd lines 10" and above, particu

larly where fabricated fittings are utilized. Above grade instal
lations 10" and above should have equivalent bracing lo sitnu< 
late thrust blockingr a Idirocliona) ch anp̂ cs and for intcrmi itcnt 
pump operations. Thrust blocking of directional chauives and 
time cycle valves ar« also recommended for lurge diamelcr 
drain lines in inslallationf. such an large swimming pools and 
tanks. Use of appropriate pump vibration dsropurs are also 
recommended... . • 

THRUST IN POUHOS 
FHOM STATIC IHTERMl PR 8SUAE Jtlnl Rt- 90" 

Pipe 
Sin 

Inchn 

SDCk«l 
Piplh 
|ln.j 

For Plut. 
CipTu 
«60«(li 

For 

Ell 
4S« 
Ell 

F«r 
flO" 
Ell 

tldmcB 
T> 

Thruit 

Ell 
Siltly 
Ficliir 

6 6 7.170 2.fi00 5,480 10.140 37.464 3.7 
8 e 11.240 4.390 8,590 15.890 48.774 3.1 

10 & 16.280 6,350 12.440 23,020 61,054 3.5 
12 8'^ 23,040 fi.OOO 17.600 32,560 102,141 3.1 
14 9 26.610 10,300 20,330 37,630 115.752 3,1 
16 10 34,910 13,620 26.670 49,360 150,798 3.1 
18 12 44,290 17,270 33,640 62.630 203,677 3.3 
20 12 43,410 16,540 32,400 59.070 226,194 3.6 
24 14 61,040 23,810 46.640 66,310 316,500 3.7 

Socket depths are fi-om ASTliID 2672 for boiled end I'VC pipe. 
Working prossure.s utilized fur thc tabulaiion above arc for Sch 
80 2''-18'' sizes and SDK 160 p&i for 20" and 24' tiza^. 

Thc calculation for thrusts due to static intcrnnl pressure is 
Thrust = ((Av T.D.t,'ir) (working pressure) (x) 

4 
X = I.O for tees, 60° ells, plugs and caps, .390 for 22̂ "̂ bends, 

.76-1 for-IS" ells. 1.414 for OO" ells 
Joint RcfiiAtatice to llirnst' (O.D.) (TT) (socket dnpth) (.tOO psi) 
300 psi c Min cumcni shear strength with good field cement

ing techniauc. 

FRICTION LOSS THROUGH FITTINGS 
Friction loss through fittings is expressed in equivalent feet Schedule 40hcad loss per lOO'values .;iro usually used forother 

of the same pipe tixe nnd schedule for Uic aystem flow rate. wall thicknesses and standard Iron pipe oizc O.D.'s. 
Average Friction Loss lor PVC and CPVC Fillings in Equivalent Feet of Straight Run Pipe 

Item y. 1 1% Vh 2 Vh 3 4 6 B 10 IZ 14 Ifi It 20 24 

Teo Run 1.0 1.4 1.7 2.3 2.7 4,0 4.9 6.1 7.9 12.3 14.0 17.5 20.0 25.0 27.0 32.0 35.0 42.0 

Too Branch 3.8 4.9 6.0 7.3 6.4 12.0 14.7 16.4 22.0 32.7 49.0 57,0 67.0 76.0 80.0 107.0 118.0 137,0 

90° Ell 1.5 2.0 2.5 3.8 4.0 6.7 6.9 7.9 11.4 16.7 21,0 26.0 32.0 37.0 43.0 63,0 58,0 67.0 

45» Ell .8 1.1 1.4 1.6 2,1 2.6 3.1 4,0 6,1 6.0 10.6 13,5 15,5 18.0 20,0 23.0 25.0 30.0 

Valuci iO*'-24": Approximate values Irom Nomograph 

Prctisurc drop culculaUons can be 
striiincxs for different iluids, flow rates 
vnlucfi And the following equation: 

(G)=' (specific gravity liriuid) 
(CVVector)* 

PRESSURE DROP IN VALVES & STRAINERS 
made for valveo and where: 
and sizes using the CV 

I' 

P̂ I 
P = PresButc drop in PSI; feet of water = - ^ j -
G = Gallons por minute 

CV Gallons per minute par 1 PSI pressure drop 
CV Factors GPM 

>/< Vi % 1 I'A Vh 2 Vh 3 < 

True Union Bali Valve 1.0 8.0 B.O 15,0 29.0 76.0 90.0 140 0 330.0 460.0 600.0 

Single Entry Ball Valve 1,0 6.0 6.0 16.0 29,0 75.0 90.0 140.0 330.0 460,0 600.0 
QIC Hall Valvo — — 8.0 15.0 29.0 75.0 90.0 140.0 — . — — 
Triio Chock Ball Valve 1,0 3-0 4.C 10.0 26,0 45.0 S5.0 90.0 226.0 324.0 345.0 
Y-Check Volve 

• — 
— 6.0 6.0 12.5 40.0 40.0 65.0 130.0 160,0 260.0 

3-Wa/ Flanged Ball Valve — — S.O 10.0 16,0 — 45.0 65.0 — 200.0 350.0 * 
Noedle Valve Full Open 5.0 7.5 8.0 ~ — — — — — — 
Angle Valve 1.0 — 5,0 10.0 16,0 — 4B.0 70.0 — — — 
Y-Strainer (clean screen) — — 3.8 6.6 8.4 20.0 25.0 35.0 60.0 60.0 95.0 
Simplex Basket Strainer 

55.0 12S.0 1S5.0 (clean scroen) — — 6.0 9,5 29.0 — 40.0 55.0 — 12S.0 1S5.0 
Duplex Dfiskcl Strainer 

35 0 60.0 100.0 (clean screen) — — 5.0 6.0 7.0 — 28.0 35 0 60.0 100.0 

29 



PVC SCHEDULE 40 PIPE 
SPECIFICATIONS 
• N.S.F.: All PVC Pipe from the Ryan Herco Products Corp. will meet or exceed the requirements of the 

National Sanitation Foundation No. 61 for conveying potable water. 
• ASTM: The material used in the manufacture of pipe for the Ryan Herco Products Corp. will meet ASTM-

D-1 784-65T for a PVC Type 1 material. The Schedule 40 and Schedule 80 Pipe conforms to ASTM-D-1785. 
• CS (Commercial Standard): CS-207-60 Is the industry standard for Schedule 40 and Schedule 80 PVC 

pipe, and is met by pipe from the Ryan Herco Products Corp. in both schedules. PVC pipe meeting this 
specification has the same O.D. and I.D. as the corresponding schedule of iron or galvanized pipe. 

ORDER: 3900.(Size No.) PVC PIPE, SCHEDULE 40 20 ft. length standard 

SAFE FOR 
CONVEYING 

POTABLE WATER 

S i z e 
N o . 

N o m . 
P i p e 
S i z e 
(in.) 

O .D . 
i n . (mm) 

A v e r a g e 
I.D. 

i n . (mm) 

M i n i m u m 
W a l l 

T h i c k n e s s 
In. (mm) 

N o m . Wt. 
( l bs . / 

100 ft.) 

Max. Work 
P r e s s u r e 

(ps i ) * 

P r i c e 
Per Foot 
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E n d 
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1 5 9 0 J V > (^0 4)T ' 

2 047,<»- - (452 0) : ;% 

3.042'" " "(77.3^ 
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5.015 (127.4) 

0 0 9 | ! | | k « ^ ) < P 

0.123 (2.9) 
0.143 (3.6) 
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- ^oTssrr "j (a's) 
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0.804 (20.4) 
1.029 (26.1) 
1.360 (34.5) 

1 5 9 0 J V > (^0 4)T ' 

2 047,<»- - (452 0) : ;% 
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SCHEDULE 40 LARGE-DIAMETER PROCESS PIPE 20 ft. length standard 

100 ' 
>- ^ 1'20 

1'40 
-i.i-r_.-jufe",ii;-iv,:-;:.ii 

160 
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10 

" " " i e 
18 
20 
24 

10 750 (273 1) ' 
12 750 (323^9) 

^^14 000'- (356'0)_^^ 

16.000 (406.0) 
18.000 (457.2) 
20.000 (508.0) 
24.000 (609.6) 

^9 97,6 , -^(253 4 ) ; ^ 
U 11 890 (302 0) , ! ' 

,13'072 - " (332*0) 

14.940 (379.0) 
16.809 (426.9) 
18.743 (476.1) 
22.540 (572.6) 

- • ' 0 *365 „ ' " • ^ ^ J 9 3 ) V ' ^ 
. ,0 406, , , ( 1 0 3) V 

0 438 ---(ll 1 ) t1 
0.500 (12.7) 
0.562 (14.3) 
0.593 (15.1) 
0.687 (17.4) 

•*?753 2 •-
; •994'9 + " 

-^118^ 0 

1542.0 
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3287.3 
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-,-,"'130%-
lN>-*130 5 ii 
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120 
120 

29 .60 
42 .07 
92 .60 
75 .17 

We can square-cut pipe to your requirements. 
Minimum available quantity is one length. 

'Maximum working pressure is calculated at 73T. 

NOT RECOMMENDED FOR COMPRESSED AIR OR 6 A S | 

LARGE DIAMETER MOLDED 
PIPE FITTINGS 

110.310.110 All 

90" 

45 

FEATURES 
• We have tees and elbows available, injection-molded from 

type 1 PVC at 73T for the pressures (listed at ambient 
temperatures) shown in parentheses. 

• Ten through sixteen-inch couplings are fabricated from 
Schedule 40 PVC pipe. 

• Complete listings of other fabricated fittings appear on 
pages 146-147. 

TEES, all-socket, PVC 
3401.100 tee, 10" (140 psi) $655.06 
3401.120 tee, 12" (130 psi) 967.88 
ELL, socket x socket, PVC 
3406.100 ell, 10" (140 psi) 526.21 
3406.120 811, 12" (130 psi) 705.75 
ELL, socket x socket, PVC 
3417.100 ell, 10" (140 psi) 343.77 
3417.120 ell, 12" (130 psi) 509.44 

COUPLING, socket x socket, PVC 
3429.100 coupling, 10" (140 psi) 57.58 
3429.120 coupling, 12" (130 psi) 84.76 
3429.140F coupling, 14" (130 psi) 137.63 
3429.160F coupling, 16" (130 psi) 153.50 

110.320.110 Tee 
110.340.110 90' 
110.340.230 45" 
110.410.180 Cplg 

134 F L U I D F L O W S O L U T I O N S 



PVC SCHEDULE 80 PIPE 
SPECIFICATIONS 
• ASTM: Material meets ASTM-D-1784-65T for a PVC Type 1 

material. Schedule 40 and Schedule 80 Pipe conforms to 
ASTM-D-1785. 

• CS (Commercial Standard): CS-207-60 Is the industry stan
dard for Schedule 40 and Schedule 80 PVC pipe and is met 
by pipe from Ryan Herco Products Corp. In both schedules. 
PVC pipe meeting this specification has the same O.D. and 
I.D. as the corresponding schedule of iron or galvanized pipe. 

• Standard length: 20 feet. 
• Minimum available quantity is one length. 

3905.(Size No.) PVC HEAVY WALL PIPE, SCHEDULE 80 PVC PIPE & FITTINGS NOT RECOMMENDED 
FOR COMPRESSED AIR OR GAS 

size 
Nom. 

O.D. 
Avg. MIn. Wall Nom. Wt. Max. Work Price per Foot 

size Pipe Size O.D. I.D. Thick. ( lbs./ Pressure 
No. (In.) In. (mm) In. (mm) In. (mm) 100 ft.) (psi)* 3905 3905H 
001 1/8 , ; 0.405 ;. (10.3) . .• , 0.203 y(5.2)' ••; ,0.095-' (2.4). ••:.;• - • '^5.8 --: i. 1225 ' $ .46. 

.002 . 1/4~ ,0.540 (13.7) 0.288 <(7.2) , ' • '0.119;: (3.0) : 'y. 9.6 . 1130 • .64-
003 3/8 . 0675 (17.1) . - • 6.407 ,.(10.2) ! ; ; - •;"0/126; (3,2)" :V. ••s- ^'is-e.; AS- ...J. 920 . •; . .86 
005 vT ' 0;840 ' (21.3) 0.528 (13.4) 0.147 (3.7) 20.5 850 $.28 - 28 
007 3/4 1.050 (26.7) 0.724 (18.3) 0.154 (3.9) 27.8 690 .36 .36 
010 1 1.315 (33.4) 0.935 (23.7) 0.179 (4.5) 40.9 630 .54 .54 
012 ' ' 1 -1/4 • • ' ' i.660 (42.2) . "'' ' • • 'iT25¥ *(31.9)' ,- '"•!b.i9i5^(4;9)-.- ;-.-,••.' >r.,-.- 56;6-"v:ir -^'V-52b -. ."i^ " - ^ 7 4 : ^ " '•>":.7i\-:' 
015 l - i / 2 \1.900 (48.3) • •- 1.476 -(37.5) ':o.2bo" (sTt) •^'••68:5-^"'r^ "• « - 4 7 0 ' • .90 ' - ; .90 
020 2. - • .2.375 (60.3) 1.9JI3 (48.6) 0218: (5.5)' • .. - '94:8 ; ; • 40|p ' -. 1 .24 / 1.24 
025 '2-1/2' 2'.875'" (73.0) ^289 (58.2)^ 0.276" " (776P' 144.8 420 1.88 1.88 
030 3 3.500 (88.9) 2.864 (72.7) 0.300 (7.6) 193.7 370 2.50 2.50 
040 4 4.500 (114.3) 3.786 (96.2) 0.337 (8.6) 283.1 320 3.66 3.66 

• 050 • ' ...... . - --̂  '•'5.56'^ • '('lli'S)'-""''' . .4.767 . .(121-.-7) . - . * •• 0.375 (9:5) ., : > ; 386.7 • 5--'290 ' - 5 "fji"-'- '• • "~ '~.5.52~' 
060 •6 : 6.625 (168.3).' . ,•. . ••5.709 ••::(144̂ 8) • • h o M i ^ : : (H.Oj ' S •540.6";.i- 280 .•5; • 6.98. . 6.98 

. 0 8 0 . .̂ •8 •' • .8.625- (219.1). ;;. , 7.565 •• (192r2)' '? -V0.5b0;'-- (12.7);x=>- 82i-:2-'.:s¥;' 240 • ••••.• 10.72 . ••-; ;Klb'.7i2^-'; 

SCH. 80 LARGE-DIAMETER PROCESS PIPE 115.110.020 

100 10 - 10^750 (273.1) - •s..- 9492 '(24r.i) •• - • 0.593 (1.5.1) : 1195.6 230 $17.44-
24.08' ' 

.. $15.88 : 
120 12 12.750 (323.9) 11.294 (286:9) 0.687 (17.4) f i r '̂.: '- 1643.7 ; : • 230 

$17.44-
24.08' ' 21.82 . 

: 140 14 14.000 (355.6) . :i 2:410. . (315.2) 0.750 (19.1) •-, •-\jc 220 ^ '•'{ i~ '•- •• •234.54 ' . 
160 ^6 16.000" (406.4) " ' 14.214 (361.0) "0.843' "(21.4) " " ' 2 5 4 3 . 0 ' " ' ' 226"""""' — 57.82 
180 18 18.000 (457.2) 16.014 (406.8) 0.937 (23.8) 3183.0 220 — 72.38 
200 20 20.000 (508.0) 17.814 (452.5) 1.031 (26.2) 4009.1 220 — 52.98 
240 24 24.000 (609.6) 21.418 (544.0) 1.218 (30.9) 5688.2 210 - 75.17 

' The maximum working pressure is calculated at 73'F. See General Information Section to derate for higher temperatures. 

BLUE 75 THREAD SEALANT 
FORMULATED, DESIGNED & TESTED FOR PLASTIC PIPING PRODUCTS 

190.220.150 

FEATURES 
• Anti-seize properties allow easy assembly and 

positive seal without over tightening. 
• NSF tested and certified safe for use with 

potable water. 
• Will not transfer taste or odor to the sealed system. 
• Available in 1/4 pint, 1/2 pint, 1 pint and 1 quart 

metal cans with brush top applicators. 
• For use with all thermoplastic piping system 

components, including PVC and CPVC prod
ucts, CPVC fire sprinkler products, CPVC CTS 
(Copper-Tube-Size) products, and plastic-to-

ORDER INFORMATION: 
8040.005 BLUE 75 THREAD SEALANT, 1/4 Pint 
8040.010 BLUE 75 THREAD SEALANT, 1/2 Pint 
8040.020 BLUE 75 THREAD SEALANT 1 Pint . 
8040.030 BLUE 75 THREAD SEALANT 1 Quart 

metal transition products. 
• Suitable for sealing threads in metal, ABS, PVC, 

CPVC and Nylon piping systems. For use in metal 
and plastic systems properly designed for han
dling a wide variety of liquids and gases (not rec
ommended for use in oxygen handling systems). 

SPECIFICATIONS 
• Color: Light blue. 
• Consistency: Grit-free, crushable paste. 
• Potable water approval: NSF (National 

Sanitation Foundation). 

$6.89 
10.99 
17.77 
37.93 

140 
ByanHeroo 
F L U I D F L O W S O L U T I O N S 



TABLE D4 
HEAD LOSS CALCULATION 

WEST TRENCH COMPRESSED AIR-LINE ABS-2 

E n t e r P i p e ID N o . : 
P l p o N o . Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. 

E n t e r P i p e ID N o . : 
ri—rner'1301-75".-r--o!:-'^ ^ , T y a 3 0 2 ' ' ' . t t > , > . v , -.laoa-.",-.. !• '. ' ? : ; - ^ . i 3 M " i . T . ' •.msT'^'.': r . . ? ^ M 0 6 » . • .ff "iSr.-";^-i307-?''~ 7- .- ' i ' ' .„ 1308 • • , , y . .'•'IJira ."V'j? • s 

F t o m i . . . ...Well Head BAB-S . , " - t :.• DA/Br1.Branch -• .̂.j KK-WolLHead B A ; B - 7 : ! •,.i-DWB-4 Branch . .. DA/B-2 Branch-.. •> • . . DAIB-3 Branch .^.^ . i ; -. : • DA/B-5 Branch . 1. Well.lHead DA/B-S . . •.,-,.W"-f3S8 Header-: , ! 

To: • ...DA/B-I Branch-;.'. -• ' •: .1DWB-4 Br'anch' i ' ' j - J3/4"-1302 Header • DA/B-SBrench" . ' --. OA/B-a Branch.-. - --..'DAyB-S Branch:' •-; .'.V^-. BA/B-e Branch . .:• .3/4--1309 Header' . ; • . Air Compressor- • ' 

C a l c u l a t i o n o f t h a R e y n o l d s N u m b e r 

R e = [ ( d h v p ) / i j j 

D iamete r of P i p e [dh]: [inches] 0.754 0.754 0.754 0.754 0.754 0.754 0.754 0.754 0.754 

A s s u m e d S T P 

Tempera tu re [T]: r F i 65 65 65 65 65 65 65 65 65 

U n e P r e s s u r e [P] [psiS] 70 70 70 70 70 70 70 70 70 

Enter Flow [Q]: [sclm] -!'-;..''t«.':3.642.,,,-/-X.-.*-!>' ,i--'-Mi->;,v57:i7,jrw •'•.•^>. ' ' :3.e28,f,.i •:• ,• ':?:.:.-.:. •i4.42e-..,---: .. 1- ' -• ..3.628 ••>. .:<.'.;-J-7:266-j»..-a.'.»(-. ... - . - . 3 . 6 2 8 ' . . . . -i2B.038t-ii-'j,....-

Ac tua l F low: [aclm] i>'. -., o.eoss.v.»fs^ 1;2324 ••.•S-*.r,r »•,-„;; •-?j»>0.6236i;..(i.' :i .2.4796-- . i - . • , .-5. ; 0.6238 • ' ' A 1.2471.1,,it. --.> \. •/:f-.-4.3502!'''-:'- >•.- -'..• - .0 .6236i . - . , --. ."",4.B738-•>;•'.•;•.' . 

T h e Ve loc i t y [v] is: 3 2 7 6.62 3.35 13.33 3.35 6 70 2338 3.35 2673 

T h e Dens i ty [p] of A i r at 

T = 6 5 " ^ [Ibm/lt'l 0.436 0.436 0.436 0.436 0.436 0.436 0.436 0 .436 0.436 

Abso lu te V iscos i t y [p] of 

A i r at T = 65 ' ' F : [Ibf-sec/H'l 3 . 8 2 E - 0 7 3.82E-07 3.82E-07 3.82E-07 3.82E-07 3.82E-07 3.82E-07 3.S2E.07 3.82E.07 

T h e R e y n o l d s N u m b e r 

[R>] l>: I d imens ion less j 7 ,287.94 14,752.83 7,464.89 29.682.60 7,464.89 14,929.78 52,077.27 7,464.89 59,542.16 

The Flow Is Turbulent. The Flow Is TurbulenL The Flow Is Turbulent. The Flow Is TurbulenL The Flow IB Turbulsnt. The Flow Is TurbulenL The Flow is TurbulenL Ths Flow Is TurtulenL The Flow Is TurbulenL 

Calculation of the Friction Coerflcient [A] 

If Flow is Laminar: 
The Friction 
Coefficient [A] is: [dimensionless] Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar 

If Flow is Turbulent: 
E n t e r F r i c t i o n 

C o e f f i c i e n t [A]: [d imens ion less ] 0 .034 0.029 0 .034 0 .025 0 .034 0 .029 0 .022 0 .034 0 .022 

Calculation of Major Headloss Due to Friction 
Loss 

Using the Darcy-Weisbach Equation 

Headloss h , ^ = A (1/ } (p v'/2) 

Relative Roughness for PVC, CPVC & ABS [c] = 0.0000233 

Headloss From SVE Pipe [h^p] for PVC: 

Enter Length [1] of S V E 

P i p e : [ft] . • .-'-,•.113, - '-'••;-,-) • " • ' i5e; ' - . r f - r l : . ' .\.;:.i27,:-:.-,.--.i- :.'..•:•.'•.::• ISO' l,' '.r-

T h e H e a d l o s s \ ! n \ ^ \ 

F r o m the S V E P i p s i s : [psi] 0.0311 0 .1469 0.0365 0.3356 0.0345 0.1057 0 .7473 0.0152 1.7248 

H e a d l o s s F r o m F i t t i n g s [h^ ,^ ] f o r P V C : 

En te r N u m b e r of S T D 4 5 " E l b o w s : • 0 * 4 * - ; •VV-;.'--,,,. -.'•,l'--r.i-.; ; - . .• ;»c-.¥f;*>o •' i;,-'..;'i'',v •• :..^.<;.-,.0'':.Y'-::'~- . • .:0'' '- •;- ii-.i •.;-'-'i'-- .--c'o-.'v •• •••• :•' ..: •••^ 0 T, • - • • . . i : - , - 3 -. 
T h e Equ i va len t Leng th 

of P i p e is : [ft] 0 0 1.1 0 0 0 0 0 3 .3 

En te r N u m b e r of 90° E l b o w s : ' • : t . ,^-WvOi> «-.«::.-j?i;.--;.-,i-->-'-!-;-..?,-.»>' ;o:4-'o.-ii»s'̂ --:-7.'-. ! ' « ' # ' . „ • ? l t , ' - I -.•li-.-f., ';*'?*, ->-,-|5^r''v-,i . '•t** A•;,^>.'o;..•iS/•^•.';' '''M '••-••-^•'. '••" •-••.'*»'*-,'-f:.l2.'-.):?5 
T h e Equ iva len t Leng th 

of P i p e is : [ft] 0 0 2.1 0 2 1 2.1 0 2.1 4 .2 

En te r N u m b e r o f T e e s {F iow Throt jqh R u n ) ; •' ":,,'.---,-^,>S';r' 1,- --•.' -i^^^^i'.'i. •,.', • ii2,.'.>,,-.-';;ft?B •(-:- ~:iv-j-i2'tx:, > :-•:.' '•-•..-,%Ji.!i:'3\-..-<iJ.(.-'i. '•.',,.'.'->;.»'-!••'•-2,- - ;• •••-.-ilS.-.'S.'^.:'- :.l.-.Al'..''. •>:,;'a!2V..->'* , : . , • 1 " . ^ : , - -1 '•.< •-̂ -••''-f̂  ,/'•.-« i , ' ?-,,-t- r---.:,; 
T h e Equ iva len t Leng th 
of P i p e is : [ft] 1.4 2.6 2.8 4.2 2-8 1.4 2.8 1.4 1.4 

En te r N u m b e r o f G a t e V a l v e s ; : '.-."-••- IQ-' ••-.'.=..•: , . - " ••• - f - .o--- ; ; - ; . ' - - .. *=': ' . : , > ^ ' 0 . ;w.'.-.--'-0*'- :-..".',<••-.; r. .0;..J- . 'v^-J' . •: • —..'SfOTj. O'--..-:.^-. ••• 0 -. ; •- .-• .'-0 
T h e Equ i va len t Leng th 

of P i p e is : [ft] 0 0 0 0 0 0 0 0 0 

En te r N u m b e r of G l o b s V a l v e s : •-'̂ r' io^fiif '̂- îD-'i 'T^T.!'- -.•i'-.>v. Wt»,-:'a.-.-"rtO;:-.n:,">'.,V ':iriL7'!i,ft.«!0-.--?i3.*9-';- f>::s..-.im:0..f:»-.::':'X-' :sv,,,-.'!LWf;so:«';,-.; * .» ! i ! * f . - , , . ' < ' 0 (» ;« -4 , , - i i - . . - '̂ •v?fc-j'ft,>0rt,sS)3!r,'fj. 
T h a Equ i va len t Leng th 

ot P i p e is: [ft] 0 0 0 0 0 0 0 0 0 

En te r N u m b e r ot Ba l l V a l v e s : . -I .':-.,-^'.vOf'- . . ; . v . - ^ „ ' .-.1 ! . . - t l O - . - - .... .-o.i:%r. ^^[.•.-'0^'-f•• - . ; , : 0 * - . , - • •• j : v - o i ' . ; y - ' i : - -.. • M . , ' -

The Equ iva len t Leng th 

of P i p e is : [ft] 0 0 0 0 0 0 0 0 0 

Enter N u m b e r of E x p a n s i o n F i t t inqs (d/D = 1/4): ;-.K,'..5>''5'>'-o:!~.'-;,'va ••S^i-:: '*P,'J0'S««1, -•! -'i-y.'-'i^s-tvo.zv-isvtt v.ir-BiWt50.FV.;:.(,--.V.f«;: ,-f-'-',"j'.i'>';<o;,i',i>;-;,-.i'r.. i,L'i.'-c''1;:.-l.",^ori^>.;tt-:».'.'-• - .5--5«' ' -».- , -0 ---4;-

T h e Equ iva len t Leng th 

of Pipe is: (ft] 0 0 0 0 0 0 0 0 0 

En te r N u m b e r of E x p a n s i o n Fi t t ings (d /D = 1/2): ;•,•-,"l!-.^!u,-^.0'•^ - , ; ' i - ? ; - ;. O-K: : :;-V'-̂  .'.o.i:.r-,v - ' i . . ' •. :T--Xu-/--V.:,o.-v^O-j';.!^*,'̂ ,----i,. r,.iW.-;--.*o' .ui-,;,/ ».;.-ri;;j-i-BO.' • ; I'fei;;.--'-;- t .SiO.i 'L ' - t-'̂ ,- JL - ; . . : J . ' , . - • • . O f : ' ' - s ' , ', ' t . ! 'r-KO' .!i:iLSir.: 
T h e Equ i va len t Leng th 
of P i p e is : [ft] 0 0 0 0 . 0 0 0 0 0 

Enter N u m b e r of E x p a n s i o n F i t t ings (d /D = 3/4): r'-'-;:'̂ 7 :o ̂ '' '!C^l':'"-V'oS-';;:!:,-. J¥#.'S;:^o<;S'*i¥-:' •' }^''<i'f'':'oi".::-SfM'-' ••;;--^^%:-o '̂v- - Q S '. •"() •'' 'l'"'",' 
T h e Equ iva len t Leng th 
of P i p e IS : (ft) 0 0 0 0 0 0 0 0 0 

Enter N u m b e r o f R e d u c e r Fi t t ings (d/D = 1/4); 'lit it^&^Msm^s^. \s'^ilJii!^6-l:Sif!:':'ii$ ,fc'-'r,.,;,-Kj!o?.irj;r;.'-;i«',' -j.>^,'Vi,'^••, ',.?i-'-.y 

-;iV:;iK'--*feote*\(HrS M-iirmimi-ky-- :^M}.a?i:::&&-
The Equ iva len t Leng th 

of P i p e is: [ft] 0 0 0 0 0 0 0 0 

En te r N u m b e r of R e d u c e r Fi t t ings (d /D = 1/2); 
' • ' ' • ' '•,'-.![•',-."'-•-ri': 
.- . • . • A - O ? ' .-i 5?;.'̂ "!:^6?;'';r îv^ •ii?i-^^:-':S^:^: ;'3;;':vî o-:--<-ST' •••,:0:,'?r.,;:,.' =KK.>'Po-J-̂ r?;'i'' 

• - X ' r , ' - . v.,..;'-.-e.e;-^,.-'. 
' -.^0' .'.•-.->.«: • 

T h e Equ iva len t Length 
o f P i p e is: mi 0 0 0 0 0 0 0 0 0 

En te r N u m b e r of R e d u c e r Fi t t inqs (d /D = 3/4): ---:o i^f*'-£:rV-.:-v''-''-.-':;-.«.^:' 

;:-,.••'• -ô -'r 
-•.•-Jv.';'-.f' ,̂ •p;• 

T h e Equiva lent Length 

of P i p e is: (ftl 0 0 0 0 0 0 0 0 0 
En te r N u m b e r ot Add i t iona l hi t t ings (1 e e w /h low 

thru Branch) : '•.•i'..-->:'/''-«fiffiW.*: 
; ' : : ^ . ^ : - ' ; ; ^ i . - ^ - " ' , - : 

Enter the Equ iva len t 

Length of P i p e for That 

Fitting: [ft] 
r-'-'-W'.'-'-^:: 
•••' - •••'̂ .i-'-;-.---.-'';ĵ  ••S>'.^-.-.h'B.i'''!^--'':-.."'> 

, l ^ y ' -h . ' ' . [ . \ . ^ 

-V-:*:*---,*vC''5.-i. -V;^iii'!.- ."ll 
•^ifP'--'•:::::.• 
..•J<\.vfvX.6:i',-",#:;.-;-i'-^f 

;!;,;;• . '. 
- " t , . i . ? ; f 5 . i . ' V ' O ' . - ' J 

V;-.,,vJ:.5'.5-;,:;: '. • 
•-•v-'/-'f K̂5.'1̂ .t•;•' •'.-- • " . .V- ' - ,'' 5.1.'',- ' a • 

T h e Equiva lent Leng th 

of P i p e IS: [ft] 0 15.3 5.1 10.2 S-1 15.3 5.1 10.2 5.1 

Total Equ iva len t Leng th 

of P i p e F r o m Fi t t ings: [ftl 1.4 18--1 11.1 14.4 10 1 8 8 7.9 13.7 14 

The Fr ic t ion Coe f f i c ien t 

[A] is: [dimensionless] 0.034 0.029 0.034 0.025 0.034 0.029 0.022 0.034 0.022 

T h e H e a d l o s s [ h i ^ ^ 

F r o m the F i t t i n g s Is : [psi] 0.00039 0.0170 0.00319 0.0469 0.0029 0.0181 0.0711 0.0039 0.1610 

T O T A L H E A D L O S S [ h , ^ D U E T O F R I C T I O N 

A N D F I T T I N G S : 

P i p e N o . 
Pipe No. 

1301 
Pipe No. 

1302 
Pipe No. 

1303 
Pipe No. 

1304 

Pipe No. 
1305 

P i p e N o . 

1306 

Pipe No. 
1307 

P i p e N o . 

1308 

Pipe No. 
1309 

hiow = h|o„p + h | o ^ [psI] 0.0315 0.1639 0.0397 0.3626 0.0373 0.1238 0.8184 0.0192 1.8657 

L e n g t h o f P i p e [ft] 113 156 127 103 120 110 63 53 150 
h ^ 1 6 A ft Pipe [psi] 0.0279 0.1051 0.0312 0.3714 0.0311 0.1126 0.9860 0.0362 1.2572 

TOTAL HEAD LOSS 
ABS-2 (psi) 1. This lable includes conveyance pipe headloss calculations (well head and down well head loss is not included). 

2 All conveyance pipe littings are inctuded in the calculation. 

Page 1 of 1 



TABLE D4 
HEAD LOSS CALCULATION 

EAST TRENCH COMPRESSED AIR-LINE ABS-3 

Enter Pipe ID No . : Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Enter Pipe ID No . : 
: ' i '402', ' " 1403 ,";;•„••. 1 1 4 0 4 ' ^ ' ~ ' ' ~ T »^7^TvP'"1405: V ,'. .. . . •y . '1408 ' 

From: ,1, iWell-Head ClAyB-9 :, •-••.:., DA/B-10 Branch . •• -• - , DA/Br11 Branch',. . •..'mriiMbr, :.. :, —:->DA/B-12 Branch - ,i- --- 'D/jB-fll 
1 To: H•X4BMB•7^ 0:Brahch'-.<'' > DA/B-11-Branch .DA/B-12 Branch' -i.'^ - 3/4",-1403 Headef ' r ' : D A / B : 8 Branch-•.:-, '.' Air Compressor, . -.-

Calculation of the Reynolds Number 
Re = [(d„vp)/M] 

Diameter of Pipe [dhJ: [inches] 0.754 0.754 0.754 0.754 0.754 0.754 

Assumed STP 
Temperature [T]: [°F1 65 65 65 65 65 65 
Line Pressure [P] [psig] 100 100 100 100 100 100 
Enter Flow [Q]; [scfm] . v,i 3.628 * - '.';.i.». :iJr'-,"«'-"-7:256'V.',',. -' .' - ?. "=13:134 '.•••"'::^'•,. : , 2:25 .-!•»•„•:-t; - " ' v»* •. '•.16.762-v- •t-::-! ' i :<20:39; ; - . . i : - *a 
Actual Flow; [acfm] .•'.•>--' ..•>.'.:o.4605'.%', *»(;;-.; . 0.9209 n • • , 1.6670 " " . -. •;.-,-,-.0.2856-i.-,v- '," . '.^2.1275-. :-.3-c'. .'•2.5879',:K.C. xi 

The Velocity [v] is: [ft/s] 2.48 4.95 8.96 1.53 11.44 13.91 
The Density [p] of Air at 
T = eo-F [Ibm/ft̂ ] 0.59 0.59 0.59 0.59 0.59 0.59 
Absolute Viscosity [p] of 
Air atT = 60°F: [Ibf-sec/ft^] 3.82E-07 3.82E-07 3.82E-07 3.82E-07 3.82E-07 3.82E-07 

The Reynolds Number 
[Re] is: [dimensionless] 7,459.39 14,918.79 27,004.32 4,626.14 34,463.71 41,923.11 

Tho Flow is Turbulent. The Flow is Turbulent. The Flow Is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. 

Calculation of the Friction Coefficient [A] 

ff Flow is Laminar: 

Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar 

The Friction Coefficient 
IA] is: [dimensionless] Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar 

If Flow is Turbulent: 

0.034 0.029 0.025 0.039 0.024 0.023 

Enter Friction 
Coefficient [A]: [dimensionless] 0.034 0.029 0.025 0.039 0.024 0.023 

Calculation of Major Headloss Due to Friction 
Loss 

Using the Darcy-Weisbach Equation 

Headloss h,„„ = A (1/ d J (p v'l2) 

Relative Roughness for PVC, CPVC & ABS [c] = 0.0000233 

Headloss From SVE Pipe [h|a„pl for PVC: 

Enter Length [1] of SVE 
Pipe: [ft] h'K'S. -,i->.S>-,1263f',.iit'<..' .. :! "c»jf-'v«:i'07v;'^i'J;^-,^f- i'i'.>.j'-:'K;s-4o. .l i^ii^c?; 

'^.I-'F^'I" fc--. '••.^.:'li;'j}i.'-f.-^.i^"'y.'.'.> 

••'?/5 ':'.?'.;-78\>:-.«-•:•''.. •5' '^t'^''"',:io9%..:r-;;5 

The Headloss [h,g^^ 
From the SVE Pipe is: [psi] 0.0267 0.0759 0.2378 0.0037 0.2457 0.4890 

Headloss From Fittings [h,ossf] for PVC: 

Enter Number of STD 45° Elbows: :'''-5iS.S;V>"ft'0jf,ftw.«si-';^i-v'; s'̂ ŝ*lŵ ;̂•̂ ô̂ ^̂ î •̂:-̂ ŝ :̂"•> ifs:-;:,;-::¥:'?i;fO;^;J>W:,a<'j: •:;'fti:';.fKfVi-23i5SC.':J;''^^j ;̂ 3 ,̂-;̂ ,•2;s-̂ '•.5:'••;J'5^ 
The Equivalent Length ol 
Pipe is: [ft] 0 0 0 0 2.2 2.2 
Enter Number of 90° Elbows: ,4.D**;E.iS*:,:i ef?*sj,;--̂ 'aioas&A:;ji;i:j#t; .•;.':̂ î S::riif"Oi'̂ a's'''«v;j 
The Equivalent Length ol 
Pipe is: [ft] 2.1 0 0 0 0 2.1 
Enter Number of Tees (Flow Through Run): :". •Y^:--^':."C. --' 2-:,-- •if-̂ '/''̂ -. •:i>;-a ::';/;.2ifi-,f-'i<;5S., '••'-!•• r-.'r'"'-!3,.'-^---^S':-i'.:i ,''i'':'--:!i.-*v ,0,vi •'^i:'; »•• .j--x-'i^:-i'^:2-i'^y''-'-ri:.' •••ii •P.'-'2'-:-•••'.•,-' -n''.-,?̂  
The Equivalent Length ol 
Pipe is: [ft] 2.8 2-8 4.2 0 2.8 2.8 
Enter Number of Gate Valves: ,;:f?*sy^''"»^:o^!Kffi:;^"'^i! •;*-;-vv,,,i«»-"\0-*-*.* 1 t'-'-il.-X: «f':>vSri;?̂ i,o '•:'̂ siK:;v-i viy^^^^liS'i-UOiS: ^i- '̂>>i: • •'r'i;<,.-r.-'-*.-0---J'.--. --
The Equivalent Length ol 
Pipe is: [ft] 0 0 0 0 0 0 
Enter Number of Globe Valves: .''-ri#.-.:*'.-.'ioiS;s:*3-i-«,'M :!;-;. •f;.i';!it';fcV ĵ0;'.,','3MT.S%^^ {i'.ii.m^;irmo^-(A^^^'-'m i,%;-M'''«",, •.•:'"''ii0'.:#;:4;..;'-/ 
The Equivalent Length ol 
Pipe is: [ft] 0 0 0 0 0 0 
Enter Number of Ball Valves: •S 'i-i»^-.:^OX^ii.f.;?»';*iS 'I'^i.!''^-'-:- •.̂ Ifiir̂ 'O.S'Jv.'V'r'-'..' .-i?:*^!:,'-r 0:vti iffe:v.-,-;«' i^>-J,;'':s^>l0>= 'i-:.y;,i":.-
The Equivalent Length of 
Pipe is: [ft] 0 0 0 0 0 0 
Enter Number of Expansion Fittings (d/D = 1/4): Sr'y:riS^:'.ri-:OE?a^ • • ••=Tii:-.i-.'-.--'-.'0;.'.-S-;.'-.'-v;-:-;« 
The Equivalent Length of 
Pipe is: [ft] 0 0 0 0 0 0 

Enter Number of Expansion Fittings (d/D = 1/2): ff:s--'t:iC^b'S53J^^?:;.?;i3= 
The Equivalent Length of 
Pipe is: [ft] 0 0 0 0 0 0 

Enter Number of Expansion Fittings (d/D = 3/4): 
The Equivalent Length of 
Pipe is: [ftl 0 0 0 0 0 0 

Enter Number of Reducer Fittings (d/D = 1/4): 
''^•^^^:;JJ:^^M^^ 

€ " » ' ;-.;-o,y.jit{K-i«hr'-''i 
The Equivalent Length of 
Pipe is: [ft] 0 0 0 0 0 0 

Enter Number of Reducer Fittings (d/D = 1/2): \:''-'£PS.^^6: W:W}t 
The Equivalent Length of 
Pipe is: (ftl 0 0 0 0 0 0 

Enter Number of Reducer Fittings (d/D = 3/4): M^;;'''M>m ^^^^.(••-'•'•^- :-.:'ii: • j-:ki,JWi:x:. r;- •, 
'-^;.?;Ki^i'-:^0„.\.1-7\(-fc:v 

•'••vj-'%'-:;-'V :'"-'::?i 

The Equivalent Length of 
Pipe is: (ftl 0 0 0 0 0 0 
bnter Number ot Additional hittings (1 ee w/hlow 
thru Branch): ' * , 1-̂  ''^X ' 2S'Ŝ  - 2 " ' - ' , 1 ' - • 3. 
Enter the Equivalent 
Length of Pipe for That 
Fitting: [ftl 15 1 f 

%t^, '{•'\^\i'V^ 

51 ' \ : 
\ i i ^ I '/ ' ' 

. ,51 . 5 1 

. , ^ 

5'1 
The Equivalent Length oi 
Pipe is: [ft] 5.1 10.2 10.2 5.1 10.2 15.3 

Total Equivalent Length 
of Pipe From Fittings: (ftl 10 13 14.4 5.1 15.2 22.4 
The Friction Coefficient 
[A] is: [dimensionless] 0.034 0.029 0.025 0.039 0.024 0.023 

The Headloss [h,o„f] 

From the Fittings is: [psi] 0.00212 0.0092 0.02927 0.0005 0.0479 0.1005 

TOTAL HEADLOSS [h,,^] DUE TO FRICTION 
AND FITTINGS: 

Pipe No. Pipe No. 
1401 

Pipe No. 
1402 

Pipe No. 
1403 

Pipe No. 
1404 

Pipe No. 
1405 

Pipe No. 
1406 

f̂ roM ~ fi|oMp •*- liio«»T [psi] 0.0288 0.0851 0.2671 0.0042 0.2935 0.5895 

Length of Pipe [ft] 126 107 117 40 78 109 
h,„„/100 ft Pipe [psi] 0.02 0.08 0.228 0.01 0.376 0.5408 

TOTAL HEAD LOSS 
ABS-3 (psi) 

1.268 

1. This table includes conveyance pipe headloss calculations (well head and down well head loss is not Included). 

2. All conveyance pipe fittings are included in the calculation. 
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Compressible Flow Pressure Loss Results Page 1 of 1 

Compressible Flow Pressure Loss Results Piping, Valves, and Fittings 
Pressure Loss (psi): 0.034 
Job Nuinber: Pemaco Friction Loss 
Client: 
Date: 6/1/06 
Line Number: ABS-1, Pipe 1201 
Fluid: Compressed Air 
Piping/Tubing Inner Diameter (in): 0.754 
Flow Rate: 3.542 SCFM 
Piping Length (ft): 107 
Viscosity (cP): 0.018 
Inlet Pressure (PSIG): 70 
Temperature (F): 65 
Pipe Roughness (ft): 0.00021 
Actual Pipe ID (in.): 0.754 
Fluid Velocity (ft/sec): 3.34 
Reynolds Number: 7560 
Flow Region: Turbulent 
Friction Factor: 0.0375 
Pressure Loss (psi): 0.034 
Net Expansion Factor: 0.994 
Inlet Mach Number: 0.003 
Outlet Mach Number: 0.003 
Density at Inlet: 0.436 
Specific Volume at Inlet: 2.293 
K l : 80844.07 
K2: 80780.21 
Overall K : 63.86 
Specific Heat Ratio: 1.4 
M iterations: 169 
Friction Factor iterations: 5 

'Copy and Paste' Pressure Loss or Head Loss into other applications 
If any output is NaN click back button and make sure all Fluid and Piping and Valves and Fittings fields contain 
values, enter 0 if necessary 

http://www.freecalc.coiTi/gasdiare.htrri?job_num=Peinaco-i-Friction-i-Loss&client=&date=6... 6/1/2006 
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Gas Viscosity Calculator 

Enter temperature to compute gas dynamic 
(absolute) viscosity. 

Air, natural gas; hydrocarbon vapor, 
ammonia, carbon dioxide, carbon 

monoxide, hydrogen, nitrogen, sulfur 
dioxide 

To: L M N O Engineering home page Unit Conversions Trouble printing? 

Your browser does not support Java, or Java is disabled in your browser. Calculation should be here. 

Units: 
°C=degrees Celsuis, K=Kelvin, °F=degrees Fahrenheit, °R=degrees Rankine, lb-s/ft^=pound-second per square 
foot, slug/ft-s=slug per foot per second, N-s/m^=Newton-second per square meter, kg/m-s=kilogram per meter 
per second, SG=specific gravity 

The viscosity on this page is the dynamic (or absolute) viscosity. Dynamic viscosity of gases is primarily a 
function of temperature. This variation is provided in Crane (1988) as a graph for hydrocarbon vapors and 
natural gases, aiid as an equation for other common gases. The impact of pressure is minor and the viscosity 
correction for pressure is less than 10% for the gases in our calculation for pressures up to 500 psi (34.5 bar) 
(Crane, 1988). 

Hydrocarbon vapors and Natural gases 
The LMNO Engineering calculation takes the user input ternperature and extracts viscosity from the graph on 
page A-5 in Crane (1988), performing linear interpolation if needed. The input temperature is restricted to the 

range 0 < temperature < 1000°F. 

ther gases 
Viscosity is computed using Sutherland's formula (Crane, 1988): 

| i = ̂ l^*(a^)*(T/To) 3/2 

a = 0.555T^ + C 

b = 0.555T + C 

where 
|j. = viscosity in centipoise at input temperature T 
p.Q = reference viscosity in centipoise at reference temperature T^ 

T = input temperature in degrees Rankine 
TQ = reference temperature in degrees Rankine 

C = Sutherland's constant 

The following table gives the values of Sutherland's constant and the reference temperature and viscosity for the 
gases used in the LMNO Engineering calculation. Values of Sutherland's constant are from Crane (1988, p.A-
5). The reference temperatures and viscosities were selected from CRC (1984, pp.F-42-44). 

II •- -
i 

Sutherland's constant,C To (°R) (centipoise) 

' standard air 120 524.07 0.01827 

ammonia, NH3 370 527.67 0.00982 

carbon dioxide, CO2 240 527.67 0.01480 

carbon monoxide, CO 118 518.67 0.01720 



hydrogen, H2 72 528.93 0.00876 

nitrogen, N2 111 540.99 0.01781 

oxygen, O2 127 526.05 0.02018 

l^ulfur dioxide, SOj 416 528.57 0.01254 

Validity 

For hydrocarbon vapors and natural gases, input temperature T is restricted to the range 

0 < temperature < 1000°F. 

For other gases, input temperature must be at least absolute zero (0 K). 

If the input temperature is outside the valid range, an error message is printed and viscosity is not computed. 

The impact of pressure is minor, and the viscosity correction for pressure is less than 10% for the gases in our 
calculation for pressures up to 500 psi (34.5 bar) (Crane, 1988). 

References 
Chemical Rubber Company (CRC). 1984. CRC Handbook of Chemistry and Physics. Weast, Robert C , editor. 
65th edition. CRC Press, Inc. Boca Raton, Florida. USA. 

Crane Company. 1988. Flow of fluids through valves, fittings, and pipe. Technical Paper No. 410 (TP 410). 
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Jan-20-2006 09:1Gan From-HARRINGTON PLASTICS 

Pipe 185 psi 

805 644 2167 T-083 P.004/007 F-127 

I.O. 

Sbcft d l (nominal) t (nominal) 
min . sch . 40 

wall thickness 
mm Inch mm . Inch mm inch Inchss Cods 

20 1/2 20.1 .79 2.9 . .114 / .109 3553306 
25 ^3/4 25.1 3.0 .118 .113 3553307 
3i2 1 32.1 1.26 3.6 .141 ,133 3553308 
50 VA 50.1 1.97 4.8 .19 .145 3553310 
63 2 63.1 2.48 5.9 .23 .154 3553311 
90 3 dO.2 3.55 e.2 .32 .216 3553313 

110 . 4 110.2 4.34 9.9 .39 .237 3553314 

Pipe clip 

1 cL 

•^ 

d , B C G H L 
W t 
Oz. Code 

20 1.25 .98 .62 1,25 .19 .35 434 306 
25 1.65 1.06 .66 1.37 .21 .39 434 307 
32 1.92 1.18 .66 1.53 .21 .46 434 306 
50 2.67 1.57 .90 2.04 .23 1.20 434310 
63 3.14 1.96 .90 2.79 .27 1.59 434 311 
75 3.74 2.28 .98 3.26 .33 2.44 434 312 
90 4.64 2.75 1,06 3.85 .33 3.88 434 313 

110 5.43 3.14 1.06 4.33 .33 5.30 434 314 
illustration refers to 50mm and above sizes 
smaller sizes are without retainirtg strap. 
Bolts/screws not supplied. 

only, 

Coupling-soclcet 

B 

I 

2 Z 

d l Zi A B 
WL 
Oz. Code 

20 .11 .98 1.42 .25 100 306 
25 ,11 1.22 1.62 .42 100 307 
32 .11 1.56 1.89 .88 100 308 
50 .11 2.43 2.66 2.72 100 310 
63 .11 3.07 3.17 5.44 100 311 
90 .15 4.38 4.33 13.41 100 313 

110 .23 5.35 5.19 24.36 100 314 

Alrlln* It nwtfic slzsd. Equlvulent Inch fixe* ar«: 20 (t/2"), 25 (3/4"), 32 (1"). 50 (1%"), 63 (2"), 80 (3"), 110 (4"). 



Engineering and Design Chemtrol 

Given a flow of 1000 scfm of free air, an initial pressure of 120 psig, and an 
assumed pipe diameter of 2 inches, what is the pressure drop per 100 feet 
of pipe? 

Solution: The ratio of compression is r = 
120 + 14.7 

14.7 
9.163, or see Table II. 

Read opposite 1000 scfm and below 2-inch diameter in the table to find a 
Z value = 57.4. The pressure drop per 100 feet of pipe is: 

Given a required flow of 40 scfm free air, a pipe diameter of 3/4 inches, 
and a desired pressure drop of less than 2 psi per 100 feet of pipe, what 
initial operating pressure (P,) will be required? 

Solution: In the table opposite 40 scfm for a 3/4 inch pipe, the Z value is 
8.81. The compression ratio for a pressure drop of 2 psi per 100 feet of 
pipe is: 

Since: r -
Pi +14.7 

147 ' 
P, = (14.7 xr)-14.7 

Therefore: 

Pi = (14.7x4.405)- 14.7 = 50 psig 

Given 11/2 inch diameter pipe, an initial pressure of 80 psig, and a pressure 
drop (AP) of about 1.6 psi per 100 feet of pipe, what will be the flow in scfm 
of free air? 

Solution: The desired Z value can be determined as follows: 

The compression ratio r = = 6.442, or see Table II. 

The Z value = r x AP = 6.442 x 1.6 = 10.3. 

Looking down the column in Table V for 1 1/2 inch pipe, a Z value of 10.9 is 
found opposite 225 scfm, while a value of 8.81 is found opposite 200 scfm. 
Therefore, the answer is slightly less than 225 scfm. 

Pressure drop In nttings—Due to their more complex intemal 
configurations, fittings, valves, filters, and other piping accessories can 
significantly affea friction losses in a piping system. To detennine the 
friction losses caused by fittings, use an equivalent length of pipe of the 
same diameter. Table VI outlines the equivalent pipe length in feet for 
various sizes of several common fittings. By using Table V and Table Vl, 
the pressure loss for fittings can be calculated for air flows at any pressure. 

Table VI 

''[{rictjdr^tiojssiiriiFî  

Type Fitting Sl2e Fittino 
1/2 3/4' r 11/4" 11/2" 2" 3 '" 4' 

f90" Standard 
Jpp*iSli (^i i^ 
45" Standard 
Elbow 

•^••.x:-ij..r..^% 

8 

21 , 

11 

2.6 

14 

"•3.5"̂  
J7' 1 

1.8" 2.1 

»,5'5 * 

2& ' 

77 

41 

Moq̂ s 

54 

> 90"4ong Radius'̂ .*' 
Elbow- • ' _ 

\1'0 \ 14 17 Z.-3'. 27 4.3' 6.3 ' 'I 180" Dropper End 
Standard Tee < "'̂ s'' 

31 
-. 

^ - 3 

39 
-r J 

11- w/flovO thru run 10 1'4̂  17 27 , 63'i ^ '* 
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To determine the pressure loss across a 2" 90° elbow, at 80 psi with a 350 
scfm flow rate, use Table VI to find the equivalent length for a 2" 90° elbow, 
which is 5.5 feet of pipe. From Table V, the friction loss in 5.5 feet of 2" 
Chem-Aire pipe operating at 80 psi with 350 scfm air flow would be: 

5 5 ft Z 

Pressure Drop (AP) = y ^ ' x -

Therefore: 
5.5 ft. 8.22 „ „ , . 

^''=iooft.''6:4r2=°'°^p^' 
If the system were operating at a pressure of 20 psi, the pressure drop 
would be: 

^P=^^ X — =0.19 psi 
100 2.361 ^ 

Chem-Aire ball valves are of full-port design, so that at the fully open 
position they are equivalent to a straight piece of pipe. Therefore, the 
pressure drop through Chem-Aire ball valves is negligible. For pressure 
drops across other piping accessories, refer to the particular manufacturers' 
literature. 

Refer to Ihe current Chemtrol Technical Bulletm (or conqnesur lubricants approved (or use with Chem-Aire systems. 
WARNING: Before mixing compressor oils, contact Chemtrol Tecfinlcal Sen/ice for recommendation. Oils used for in-line lubricators should also follow these guidelines. 
NOTE; Chem-Aire is not recommended for the transmission of any nammable gas, above or below ground. Please contact Tech Services for other compressed gas applications. 
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AP-4 Manual QED Environmental Systems 

3/4-INCH INSIDE DIAMFTER DISCHARGE HOSE 
MAXIMUM FLOW RATES * 

6-INCH SUBMERGENCE OF PUMP HEAD 
14 

APPROXIMATE ^2 
GALLONS 

PER 

MINUTE 

WITH 

3/4-INCH 4 

I.D. HOSE 2 

20 40 60 80 100 120 140 160 180 200 FT. 

DEPTH IN WELL 

2 FT. SUBMERGENCE OF PUMP HEAD 

14 

APPROXIMATE 2̂ 

GALLONS 

PER 

MINUTE 

WITH A 

10 

8 

6 
4,e 

3/4-INCH B 

I.D. HOSE^.r'^Z 

0 

-lAIR INLET PRESSURES!-

/ 

D PSI| |70 PSI | 100 PSI 

20 40 60 80 % 100 120 140 160 180 200 FT. 

DEPTH IN WELL 

' > 0.7 

ĉ d B z-.NL • % ^ M , To /̂ s: 4 s P̂'n (»K; 

CO 

o 
g • FLOW RATES MAY VARY WITH ON-SITE CONDmONS. 

O CALL CEE FDR TECHNICAL ASSISTANCE. 

Figure 23 - Long AP-4/BL Performance Curves: 3/4-inch LD. Discharge 
U.S. UNITS (Includes Leachate Models) 

Page 72 fn?^ AP' ^ /AofoP^Mf. Ho.mal. 'G^r^^n^yM S^sf^>^S, jJ^ 
^ :iooU. 



AP-4 Manual QED Environmental Systems 

3/4-INCH I.D. FLUID DISCHARGE HOSE 

1.6 

1.5 

1.4 

1.3 

1.2 

1.1 

1.0 

APPROXIMATE 
STANDARD 
CUBIC FEET 
PER 
GALLON PUMPED"' 

.9 

(SCF/GAL) 

SI 
8 

v.-il 

O i n X ft? 

~ | 100 PSI 1— 

1 70 F 'SI 1 

M 0 P SI 1 

20 40 60 80 ^ 100 120 140 160 

DEPTH IN WELL 

180 200 ft. 

o 

o o 

MAXIMUM AIR USE IN STANDARD CUBIC FEET (SCF) PER 
GALLON PUMPED. (SURFACE LINE MAY INCREASE AIR USE.) 

/ SCF/GAL / X / G P M / = / S C F M / 

THIS GRAPH FLOW RATE CURVES MAXIMUM STANDARD 
CUBIC FEET PER MINUTE 

i 
I 
i 
I 
I 

i 
I 
i 
i 
I 
I 
I 

Figure 43 - Long AP-4 Air Consumption Curves: 3/4-inch I.D. Discharge 
U.S. UNITS (Includes Leachate Models) 
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r 1/2-INCH INSIDE DIAMETER DISCHARGE HOSE 
MAXIMUM FLOW RATES* 

6-INCH SUBMERGENCE OF PUMP HEAD 

P Zone '-

/o f{ ^Mtryierjê tt 

/4o c/e(̂ k 

/oo ĉ." 

GALLONS 2 
PER 

MINUTE 
WITH 

1/2-INCH 
I.D. HOSE 

1 

GALLONS e 
PER 

MINUTE 
WITH J 

1/2-INCH 
I.D. HOSE 

GAaONS 2 
PER 

MINUTE 
WITH J 

1/2-INCH 
I.D. HOSE 

]R 1 NLE' r Pf tESS URE 

PSI 1 Uo PSI 1 )0 F Sl| 

1 

0 20 40 60 80 100 ISO 140 160 180 200 FT. 
DEPTH IN WELL 

2 PT. SUBMERGENCE OF PUMP HEAD 

IR I NLE' r PF tESS URE 

|40 PS r 1 
100 PSl| 

1— 

0 20 40 60 eo 100 120 140 160 IBO 200 FT. 
DEPTH IN WELL 

10 FT. SUBMERGENCE OF PUMP HEAD 

>si| 

IR I NUT r PI tESS URE »l 
>si| >si| 1' 00 1 >si| 

|40 PS 1 [TC 1 PS ll 

0 20 40 60 80 100 120 140 160 180 200 FT. 
DEPTH IN WELL 

• FLOIf RATES MAY VARY WITH ON-SITE CONDITIONS. 
CALL CEE FOR TECHNICAL ASSISTANCE. 

AP-3LBL 



100 PSI I 

200 FT. 

M 
|100 

PSI 

200 FT. 

1/2-INCH LD. FLUID DISCHARGE HOSE 
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.9 
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OF AIR 
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/ If 0 P bij 
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GALLON PUMPED. (SURFACE UNE MAY INCREASE AIR USE.) 

/SCF/GAL/ X / G P M 7 " /SCFM / 
THIS GRAPH FLOW RATE CURVES MAXIMUM STANDARD 

CUBIC FEET PER MINUTE 
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APPENDIX E 
Miscellaneous Equipment Design 



MOISTURE SEPARATOR SIZING 
(KNOCKOUT DRUM) 



MODEL INLET 
"A " 

OUTLET 
" B " 

DIAMETER 
" C " 

HEIGHT 
" D " 

B A S E 
" E " X " F " 

WEIGHT 

5 4" 4 " 30 " 6 ' - 7 " 3 1 " » 40" 7501 

10 6" 6- 36" 7 ' - 7 " 37" X 48" 9001 

20 8" B" 72 " 7 ' - 7 " 84" X 84" leOOif 

\ \ HI 
OUTLET OANCE 
IPS 160 LB. 
PIPE FLANOe 

VORTEX BREAKER 

LIFTING EYE 
FOR EASE OF 

TRANSPORT 

SYSTEM INLET FLANOE 
IPS ISO* 

PIPE FLANOE 

DEMISTER ACCESS 
COVER 16" 1.0. 

HIGH LIQUID LEVEL 
SHUT-DOWN swrrcH 
2" N.P.T. 

(OPTIONAL) 
HIGH UOUID LEVEL 
PUMP START PORT 
2" N.P.T. 

(OPTIONAL) 
BAYONET HEATER PORT 
2" N.P.T. 

3 / 4 " PLEXIGLAS 
SICHTCAUGE 

LOW LIOUID LEVEL 
PUMP STOP PORT 

2" N.P.T. 
(OPTIONAL) 

GLOBAL TECHNOLOGIES, INC. 
MODEL 5 AND 10 VAPOR SEPARATOR MODULE 
-REMOVES 95X OF ALL LIQUID DROPLETS. 
-CONSTRUCTION 1/4" HOT ROLLED STEEL THROUGHOLTT. 
-MAXIMUM VACUUM CAPACITY - 3 0 " H G . 

LirriNG SLOT 
FOR EASE OF TRANSPORT 

G l o b o l T e c h n o l o g i e s , I n c . 

GLOBAL M i l w a u k e e , W i s c o n s i n 

K A L D HTt C u S T O M K i 
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HOLDING TANK AND SECONDARY CONTAINMENT 
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COMPRESSOR SIZING 



AP4B 
Flow Rateŝ  

3/4 Inch (19 mm) 
Inside Diameter Discharge Hose 
(Equivalent to 1-Inch O.D. Tubing) 

6-INCH (15 cm) SUBMERGENCE OF PUMP HEAD 

16 

GALLONS 
14 

PER 12 

MINUTE 10 
WITH 

10 

3./4-INCH 8 

I.D. HOSE 6 

4 

2 
0 

20 40 60 80 100 120 140 160 180 200 FT. 

18 

16 

GALLONS 
14 

PER 12 

MINUTE 10 
WITH 

10 

3/4-INCH 8 

I.D. HOSE 6 

4 

2 

0 

~1 DEPTH 
6.1 12.218.324.4 30.5 36.6 42.748.8 54.9 61 Meters _JlNWELL 

2 FT. (60 cm) SUBMERGENCE OF PUMP HEAD 

20 40 60 80 100 120 l"40 160 ISO 200 FT. ~|DEPTH 
6.1 12.218.324:4 30.536.642.748.8 54.9 61 Meters J iNWELL 

10 FT. (300 cm) SUBMERGENCE OF PUMP HEAD 

18 

16 

GALLONS 
14 

PER 12 

MINUTE 10 
WITH 

10 

BM-INCH 8 

I.D. HOSE 6 

4 

2 

n 

AIR INLET PRESSURES AIR INLET PRESSURES 

V 

\ 
lUU f b l 

7 Kg/cm 2 

4 U H b l 
3 Kg/cm 2 

7 0 PSI • 

5 Kg/cm 2 

1 inch (25.4 mm) 
Inside Diameter Discharge Hose 
(Equivalent to 1.25-Inch O.D. Tubing) 

68.1 18 

60.6 16 

53 
APPROXIMATE GALLONS . 

14 

45.4 LITERS PER 12 

37.9 
PER MINUTE 

10 
MINUTE WITH 

30.3 WITH M N C H 8 

22.7 19 mm I.D. HOSE 6 

15.1 
I.D. HOSE 

15.1 
I.D. HOSE 

4 

7.6 2 

0 n 
6 20 40 60 80 100 1 20 140 160 1 80 

6.1 12.2 18.3 24.4 30.5 36.6 42.7 48.8 54.9 

j 2 FT. (60 cmj] SUBMERGENCE OF PUMP HEAD 

68.1 18 

60.6 16 

53 14 53 
APPROXIMATE GALLONS 

45.4 LITERS PER 12 

37.9 
PER MINUTE 10 

MINUTE WITH 

30.3 WITH l-INCH 
8 

22.7 19 mm I.D. HOSE 6 

15.1 
I.D. HOSE 4 

7.6 2 

0 0 

_ 20 40 60 80 100 120 140 160 080 
6.1 12.2 18.3 24.4 30.5 36.6 42.7 48.8 54.9 

110 FT (300 cmTl SUBMERGENCE OF PUMP HEAD 

200 FT. ~ | DEPTH 
61 Meters _1 IN WELL 

68.1 

60.6 

53 

45.4 

37.9 

30.3 

22.7 

15.1 

7.6 

0 
I 

61 Meters 

APPROXIMATE 

LITERS 

PER 

MINUTE • 

WITH 

25.4 mm 

I.D. HOSE 

200 FT. ~ | DEPTH 
J l i J IN WELL 

68.1 18 

60.6 16 

53 
APPROXIMATE GALLONS 

14 

45.4 LITERS PER 12 

37.9 
PER MINUTE 

10 37.9 
MINUTE WITH 

8 30.3 WITH l-INCH 8 

22.7 19 mm 1.0. HOSE 6 

15.1 
I.D.HOSE 4 

15.1 

7.6 
2 

0 
0 

20 40 60 80 100 120 140 160 180 200 FT. 
6.1 12.218.3 24.4 30.5 36.6 42.748.8 54.9 61 Meters 

"jDEPTH 
IN WELL 

6 20 40 60 80 100 120 140 160 180 
6.1 12.2 18.3 24.4 30.5 36.6 42.7 48.8 54.9 

200 FT. ~ | DEPTH 
61 Meters _ | IN WELL 

'FLOW RATES MAY VARY WITH SITE CONDITIONS. CALL QED FOR TECHNICAL .ASSISTANCE. 
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Bottohi Ihidt, i-̂  AP4B 
Air Consumption 

STANDARD 
CUBIC FEET OF AIR 
PER 
GALLON PUMPED 
(SCF/GAL) 

STANDARD 
CUBIC FEET OF AIR 
PER 
GAaON PUMPED 
(SCF/GAL) 

1.6-

1.5-

1.4-

1.3 

1.2 

1.1 

1.0 

.9 

.8 

.7 

.6 

.5 

.4 

.3 

.2 

100 PS 
7 Kg/cm 
100 PS 

7 Kg/cm 

:.V.:i>'' 70 P 
5Kg/c 

Sl 70 P 
5Kg/c m2 -

'Svi. 

•-̂'̂/̂  :ft;'?; 'i&v^ 
'S^Sk 

> 
~-}ik0:i j : 

•it??'?-' 

40 F Sl 
3Kg/c 

"> 

y* •M& 
\ •:V%5:> 

•( f 

20 40 60 80 100 120 140 160 180 200 FT " I D E P T H 
6.1 12.2 18.3 24.4 30.5 36.6 '42.7 48.8 54.9 61 Meters—I IN WELL 

12 3/4 inch (19 mm) 
2 Inside Diameter Discharge Hose 

(Equivalent to 1-Inch O.D. Tubing) 

10.5 

9.7 

9.0 

APPROXIMATE 
STANDARD 

7.5 LITER OF AIR 
PER 

6.7 LITER PUMPED 
(STD U/LITER) 

6.0 

5.2 

4.5 

3.7 

3.0 

2.2 

1.5 

1.6 

1:5 

1.4 

1.3 

1.2 

1.1 

1.0 

.9 

.8 

.7 

.6 

.5 

.4 

.3 

.2 

-•5--.Is. ii 

•.LV-.-'̂ '.̂ ^ 

:^:'\i'^-: ••:<'?<: 

8Sv,̂ : 
100 PSI |s- i » 
7 Kg/cm ^ 
100 PSI |s- i » 
7 Kg/cm ^ 

Si 

7 ) »SI 

•'''•''':i 5K 
) 

cm ^ 

40 P Sl 

''':.'. '-.> 3Kg/c 

20 40 60 80 100 120 140 160 180 200 FT. ~ | DEPTH 
6.1 12.2 18.3 24.4 30.5 36.6 42.7 48.8 54.9 61 Meters _ l IN WELL 

1 inch (25.4 mm) 
112 Inside Diameter Discharge Hose 

(Equivalent to 1.25̂ nch O.D. Tubing) 

10J 

9.7 

9.0 

APPROXIMATE 
STANDARD 

7.5 LITER OF AIR 
PER 

6.7 LITER PUMPED 
(STD L/LITER) 

6.0 

5.2 

4.5 

3.7 

3.0 

2.2 

1.5 

P.O. Box 3726 Ann Arbor, Ml 48106-3726 USA 1.800.624.2026 F 1.734.995.1170 info@qedenv.com www.qedenv.com 
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v...oinpressiDie now rressure LOSS «.esuits Page 1 of 1 

3 a 
Compressible Flow Pressure 

Loss Results Piping, Valves, and Fittings 

Pressure Loss (psi): 0;628 
Job NumbeF^^ 
Client: 
Date: 
Line Number: 
Fluid: 
Nominal Pipe Size: 1 '-^ 3 Way Plug: 0 
Pipe Schedule: SCH 40 Ba l l : 0 
Flow Rate: 51 SCFM Piping Length (ft): 100 Plug: 0 
Viscosity (cP): 0:018 Long Radius Elbows: 0 Butterfly 2in. to Sin. : 0 
Inlet Pressure (PSIG): 125 Short Radius Elbows: 0 Butterfly lOin. to 14in. 
Temperature (F): 200 5 Diameter Elbows: 0 : 0 
Pipe Roughness <ft): 0.O0Gl 5 45 degree Elbows : 0 Butterfly Greater Than 
Actual Pipe ID (ia.> 1 .t)49 Standard:SK) degreeXhreaded. 14in.: 0 
Fluid Velocity (ft/«ec): 18 92 Elbows: 0 Angle Valve Flow Up: 0 
Reynolds Number: 78239 45 degree Standard Angle Valve Flow 
Flow Region: Turbulent Elbows: 0 DnWn: 0 
Friction Factor: 0.0248 Tee FTow Through: 0 Pipe Entrance: 0 
Pressure Loss (psi): 4.628 Tee Flow Branch : 0 Pipe Exit : 0 
Net Expansion Factor: 0 996 Gate: 0 No; of Reducers: 0 
Inlet Mach Number^: 0,015 Globe: 0 Reducer Outlet Size 
Outlet Mach Number: 0 015 Swing Check: 0 ( « ) : 0 
Density at Inlet: 0 572 Lift Check: 0 No. of Increasers: 0 
Specific Volume at Iiilei: 1:748̂  Increaser Outlet Size 
K l : 3153.94 (in): 0 
K2: 3125.58 

(in): 0 

Overall K : 28.36 
Speciflc Heat Ratio: 1.4 
M iterations: 168 
Friction Factor iterations: 4 

*Copy and Paste' Pressure Loss or Head Loss into other applications 
If any output is NaN click back button and inake sure all Fluid and Piping and Valves and Fittings 
flelds contain values, enter 0 if necessary 

http://\vww.freecalc.com/gresults.htm?job_num=&client=&date=&line_num=&fluid=«&pipes... 8/31/04 



LJompressiDie i^iow fressure Loss Kesults Page 1 of 1 

Compressible Flow Pressure 
Loss Results Piping, Valves, and Fittings 

Pressure Loss (psi): 0.072 
Job Number: 
Client: 
Date: 
Line Number: 
Fluid: ^ 
Nominal Pipe Size: 1.5 3 Way Plug: 0 
Pipe Schedule: SCH 40 Ba l l : 0 
Flow Rate: 51 SCFM Piping Length (ft): 100 Plug: 0 
Viscosity (cP): 0.018 Long Radius Elbows: 0 Butterfly l i n . to Sin. : 0 
Inlet Pressure (PSIG): 125 Short Radius Elbows: 0 Butterfly lOin. to 14in. 
Temperature (F): 200 5 Diameter Elbows: 0 :-0 
Pipe Roughness (ft): 0 00015 45 degree Elbows : 0 Butterfly Greater Than 
Actual Pipe ID (in.): 1.61 Standard 90 degreeXhreaded 14in/: 0 
Fluid Velocity (ft/sec): 8.03 Elbows: 0 Angle Valve Flow Up: 0 
Reynolds Number: 50977 45 degree Standard Angle Valve Flow 
Flow Region: Turbulent Elbows: 0 Down : 0 
Friction Factor: 0 0243 Tee Flow Through: 0 Pipe Entrance: 0 
Pressure Loss (psi): 0.072 Tee Flow Branch : 0 Pipe Exi t : 0 
Net Expansion Factor: 0.996 Gate: 0 No. of Reducers: 0 
Inlet Mach Number: 0.006 Globe: 0 Reducer Outlet Size 
Outlet Mach Number: 0.006 Swing Check: 0 (in): 0 
Density at Inlet: 0 572 Lift Check : 0 No. of Increasers: 0 
Specific Volume at litilieil: 1.748 Increaser Outlet Size 
K l : 17534.47 (in): 0 
K2: 17516.37 

(in): 0 

OveraU K : 18 1 
Specific Heat Ratio: 1.4 
M iterations: 168 
Friction Factor iterations: 4 

'Copy and Paste' Pressure Loss or Head Loss into other applications 
If any output is NaN click back button and make sure all Fluid and Piping and Valves and Fittings 
flelds contain values, enter 0 if necessary 

http://www.freecalc.com/gresults.htm?job_num=&crient=&date=&line_num=&fluid=&pipes... 8/31/04 



UompressiDie î low Pressure Loss Kesults Page 1 of 1 

€^ Ci 
Compressible Flow Pressure 

Loss Results Piping, Valves, and Fittings 

Pressure Loss (psi): 0.021 
Job Number: 
Client: 
Date: 
Line Number: 
Fluid: 
Nominal Pipe Size: 2 - 3 Way Plug: 0 
Pipe Schedule: SCH 40 Ball: 0 
Flow Rate: 51 SCFM Piping Length (ft): 100 Plug: 0 
Viscosity (cP): 0;0}8 Long Radius Elbows: 0 Butterfly 2in. to Sin.: 0 
Inlet Pressure (PSIG): 125 Short Radius Elbows: 0 Butterfly lOin. to 14in. 
Temperature (FJ: 200 5 Diameter Elbows: 0 : 0 
Pipe Roughness (ft): 0 00015 45 degree Elbows : 0 Butterfly Greater Than 
Actual Pipe ID (in.): 2.067 Standard 90 degreeXhreaded 14m.: 0 
Fluid Velocity (ft/sec): 4.87 Elbows: 0 Angle Valve Flow Up: 0 
Reynolds Numberr 39706 45 degree Standard Angle Valve Flow 
Flow Region: Turbulent Elbows: 0 Down : 0 
Friction Factor: 0:0245 Tee Flow Through: 0 Pipe Entrance: 0 
Pressure Loss (psi): 0;021 Tee Flow Branch : 0 Pipe Exit: 0 
Net Expansion Factor: 0.99 Gate: 0 No. of Reducers: 0 
Inlet Mach Number: 0.004 Globe: 0 Reducer Outlet Size 
Outlet Mach Number: 0 004 Swing Check: 0 (in): 0 
Density at Inlet: 0 572 Lift Check: 0 No. of Increasers: 0 
Specific Volume at Inlet: 1.748 Increaser Outlet Size 
K l : 47652.7 (in): 0 
K2: 47638.48 

(in): 0 

Overall K: 14 22 
Specific Heat Ratio: 1.4 
M iterations: 169 
Friction Factor iterations: 4 

'Copy and Paste' Pressure Loss or Head Loss into other applications 
If any output is NaN click back button and make sure all Fluid and Piping and Valves and Fittings 
fields contain values, enter 0 if necessary 

http://www.fTeecalc.com/gresults.htm?job_num=&client=&date=&line_num=&fluid-& . 8/31/04 
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».̂ ompressiDie now rressure LOSS Kesults Page 1 of 1 

Compressible Flow Pressure 
Loss Results Piping, Valves, and Fittings 

Pressure Loss (psi): L459 
Job Number: 
Client: 
Date: 
Line Number: 
Fluid: 
Nominal Pipe Size: 1 3 Way Plug: 0 
Pipe Schedule: SCH 40 Ball: 0 
Flow Rate: 74 SCFM Piping Length (ft): 100 Plug: 0 
Viscosity (cP): 0.018 Long Radius Elbows: 0 Butterfly 2in. to Sin.: 0 
Inlet Pressure (PSIG): 125 Short Radius Elbows: 0 Butterfly lOin. to 14in. 
Temperature (F): 200 5 Diameter Elbows: 0 : 0 
Pipe Roughness <ft): 0.00021 45 degree Elbows : 0 Butterfly Greater Xhan 
Actual Pipe ID (in;): 1.049 Standard.90 degreeXhreaded 14in.: 0 
Fluid Velocity (ft/sec): 27 46 Elbows: 0 Angle Valve Flow Up: 0 
Reynolds Number: 113524 45 degree Standard Angle Valve Flow 
Flow Region: Turbulent Elbows: 0 Down: 0 
Friction Factor: 0.0259 Xee Flow Xhrough: 0 Pipe Entrance: 1 
Pressure Loss (psi): 1.459 Xee Flow Branch : 0 Pipe Exit: 1 
Net Expansion Factor: 0:995 Gate: 0 No. of Reducers: 0 
Inlet Mach Number:-1):022 Globe: 0 Reducer Outlet Size 
Outlet Mach Number: 0.022 Swing Check: 0 (in) : 0 
Density at Inlet: 0:572 Lift Check: 0 No; of Increasers: 0 
Specific Volume at liiilet: 1.748 Increaser Outlet Size 
Kl : 1494.63 (in) : 0 
K2: 1463.45 
Overall K: 31.18 
Specific Heat Ratio: 1.4 
M iterations: 167 
Friction Factor iterations: 3 

'Copy and Paste' Pressure Loss or Head Loss into other applications 
If any output is NaN click back button and make sure all Fluid and Piping and Valves and Fittings 
flelds contain values, enter 0 if necessary 

http://www.freecalc.coni/gresults.htm?job_num==&dient=&date=&line_num=&fluid=&p .. 8/31/04 



uompressiDie flow pressure LOSS Kesults Page 1 of 1 

Compressible Flow Pressure 
Loss Results Piping, Valves, and Fittings 

Pressure Loss (psi): 0.145 
Job Number: 
Client: 
Date: 
Line Number: 
Fluid: 
Nominal Pipe Size: 1.5 3 Way Plug: 0 
Pipe Schedule: SCH 40 Ba l l : 0 
Flow Rate: 74 SCFM Piping Length (ft): 100 Plug: 0 
Viscosity (cP): 0:018 Long Radius Elbows: 0 Butterfly 2in. to Sin. : 0 
Inlet Pressur^-(PSIG): 125 Short Radius Elbows: 0 Butterfly lOin. to 14in. 
Xemperature(F7: 200 Skiameter Elbows: 0 : 0 
Pipe Roughnessd(ft): 0.00015 45 degree Elbows : 0 Butterfly Greater Xhan 
Actual Pipe ID (in.): 1.61 Standard 90 degreeThreaded Win . : 0 
Fluid Velocity (ft/sec): 11.66- Elbows: 0 A i ^ e Valve Flow Up: 0 
Reynolds Number: 73967 45 degree Standard Angle Valve Flow 
Flow Region: Turbulent Elbows: 0 Down: 0 
Friction Factor: 0.0232 Tee-Flow Through: 0 Pipe Entrance: 0 
Pressure Loss (psi): 0; 145 Tee Flow Branch : 0 Pipe Exi t : 0 
Net Expansion Factor: 0 997 Gate: 0 No. of Reducers: 0 
Inlet Mach Number: 0;009 Globe: 0 Reducer Outlet Size 
Outlet Mach Number: 0 009 Swing Check: 0 (in): 0 
Density at Inlet: 0 572 Lift Check : 0 No. of Increasers: 0 
Specific Volume at liiilet: 1;748 Increaser Outlet Size 
K l : 8324.35 (in): 0 
K2: 8307.03 

(in): 0 

Overall K : 17 32 
Specific Heat Ratio: 1.4 
M iterations: 168 
Friction Factor iterations: 4 

'Copy and Paste' Pressure Loss or Head Loss into other applications 
If any output is NaN^Click back buttdri and make sure all Fluid and Piping and Valves and Fittings 
flelds contain values, enter 0 if necessary 

http://www.freecalc.com/gresults.htm?job_num=&client=&date=&Iine_num=&fluid=&pipes... 8/31/04 



compressible Plow Pressure Loss Kesults Page 1 of 1 

Compressible Flow Pressure 
Loss Results Piping, Valves, and Fittings 

Pressure Loss (psi): 0.048 
Job Number: 
Client: 
Date: 
Line Number: 
Fluid: 
Nominal Pipe Size: 2 3 Way Plug: 0 
Pipe Schedule: SCH 40 Ball: 0 
Flow Rate: 74 SCFM Piping Length (ft): 100 Plug: 0 
Viscosity (cP): 0:018 Long Radius Elbows: 0 Butterfly 2in. to Sin.: 0 
Inlet Pressure (PSIG): 125 Short Radius Elbows: 0 Butterfly lOin. to 14in. 
Xemperature (F): 200 5 Diameter Elbows: 0 : 0 
Pipe Roughness (ft): 0 00021 45 degree Elbows : 0 Butterfly Greater Xhan 
Actual Pipe ID (in.): 2.067 Standard 90 degreeThreaded: Min.: 0 
Fluid Velocity (ft/sec): 7.07 Elbows: 0 Angle Valve Flow Up: 0 
Reynolds Number: 57613 45degree Standard Angle Valve Flow 
Flow Region: Turbulent Elbows: 0 Down: 0 
Friction Factor: 0.0242 Tee Flow Through: 0 Pipe Entrance: 1 
Pressure Loss (psi): X).048 Tee Flow Branch : 0 Pipe Exit: 1 
Net Expansion Factor: 0.995 Gate: 0 No. of Reducers: 0 
Inlet Mach Number: 0.006 Globe: 0 Reducer Outlet Size 
Outlet Mach Number: 0 006 Swing Check: 0 (in) : 0 
Density at Inlet: 0.572 Lift Check: 0 No; of Increasers: 0 
Specific Volume at Inlet: 1:748 Increaser Outlet Size 
K l : 22629.51 (in): 0 
K2: 22613.97 

(in): 0 

Overall K : 15.54 
Specific Heat Ratio: 1.4 
M iterations: 169 
Friction Factor iterations: 4 

'Copy and Paste' Pressure Loss or Head Loss into other applications 
If any output is NaN click back button and make sure all Fluid and Piping and Valves and Fittings 
fields contain values, enter 0 if necessary 

http://www.freecalcr.com/gresults.htm?job_num=&client=&date=&line_num==&fluid=&pipes... 8/31/04 
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î oinpressiDie now pressure LOSS î esuits Page 1 ot 1 

Compressible Flow Pressure 
Loss Results Piping, Valves, and Fittings 

Pressure Loss (psi): 0d45 
Job Number: 
Client: 
Date: 
Line Number: 
Fluid: 
Nominal Pipe Size: 1.5 - 3 Way Plug: 0 
Pipe Schedule: SCH 40 Ball: 0 
Flow Rate: 74 SCFM Piping Length (ft): 100 Plug: 0 
Viscosity (cP): 0.018 Long Radius Elbows: 0 Butterfly lin. to Sin.: 0 
Inlet Pressure (PSIG): 125 Short Radius Elbows: 0 Butterfly lOin. to 14in. 
Xemperature (F): 200 5 Diameter Elbows: 0 : 0 
Pipe Roughness (ft): O OOO 15 45 degree Elbows : 0 Butterfly Greater Xhan 
Actual Pipe ID (in.): 1.61 Standard 90: degreeXhreaded 14iii . : 0 
Fluid Velocity (ft/sec): 11.66 Elbows: 0 Angle Valve Flow Up: 0 
Reynolds Number: 73967 45 degree Standard Angle Valve Flow 
Flow Region: Turbulent Elbows: 0 Down: 0 
Friction Factor: 0.0232 Xee Flow Xhrough: 0 Pipe Entrance: 0 
Pressure Loss (psi): 0 145 Tee Flow Branch : 0 Pipe Exit: 0 
Net Expansion Factor: 0.997 Gate: 0 No. of Reducers: 0 
Inlet Mach Number: 0.009 Globe: 0 Reducer Outlet Size 
Outlet Mach Niimber: 0.009 Swing Check: 0 (in): 0 
Density at Inlet: 0.572 Lift Check : 0 No, of Increasers: 0 
Specific Volume at Inlet: 1;748 Increaser Outlet Size 
Kl: 8324.35 (in): 0 
K2: 8307.03 

(in): 0 

Overall K: 17.32 
Specific Heat Ratio: 1.4 
M iterations: 168 
Friction Factor iterations: 4 

'Copy and Paste' Pressure Loss or Head Loss into other applications 
If any output is NaN cliick back button and make sure all Fluid and Piping and Valves and Fittings 
flelds contain values, enter 0 if necessary 

http.//www.freecarc.com/gresults;htm?job num—&clienp=&date—&line_num—&fluid—&pipes... 8/31/04 
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Pemaco Superfund Site RA Proposal TN& Associates, Inc. 

Pemaco Superfund Site RA Proposal 
USACE - Omaha District 

Format of TN&A Cost Proposal 
Our Cost Proposal Is divided Into 2 Sections: 

Section 1: A detailed breakdown of costs per PhaseTTask, as listed ahove (as listed/defined in the RFP). 
Section 2: A corresponding breakdown per Phase/Task, listing key technical assumptions, quantities, etc. 

Cost Sheet Summary 

Plwse Phas^Name i i i i i i TasK Name Estimated Task Total 
1 1 Proiect Management l a Project Planning $ 
1 1 Proiect Management lb Overall Project Resource Planning $ 
1 1 Project Management Ic Overall Project Scheduling $ 

Task l*--ifrS(rtJi6tai :;:$!: n.8S9 t8 
2 1 Project Management Id Procurement $ 23,800.02 
3 1 Proiect Management 1e Cost Control and Tracking (non-field^ $ 24.464.14 
4 1 Proiect Management It Project meetings $ 27,009.51 
5 1 Project Management 19 Community Participation $ 58,437.92 

Totrf |>hA$e 1 . Project Managemerrt m 205^70 76 
6 2 Project Plans 2a Task-Specific Remedial Action Work Plans $ _ __.36,886.80. 
7 2 Ftoject Plans 2b Site Safety and Health Plan $ 13,703.40 
8 2 Project Plans 2c Sampling and Analysis Ran $ 28,963.14 
9 2 Project Plans 2d Construction Quaility Control Plan $ 17,316.65 

Tptal Phase 2 - Pf oject Plans M 9«,870 qa 
10 3 Construction and O&M 3a Mobilization/Demobilization $ 59,907.35 
11 3 Construction and O&M 3b Well and Piping Installation - Phase 1 $ 1,244,643.56 
12 3 Construction and O&M 3c Well and Piping Installation - Phase 2 $ 350,707.88 
13 3 Construction and O&M 3d Treatment Building and Compound Construction $ 588,981.43 
14 3 Construction and O&M 3e Treatment System Construction $ 2,219,835.00 
15 3 Construction and O&M 3f MPE, SVE and Qroundwater System Shakedown 

(including Source Testing) 
$ 460.721.27 

16 3 Construction and O&M 39 ERH Construction $ 2,191,767.93 
17 3 Construction and O&M 3h Monthly O&M (1 Month) $ 127,921.46 

Monthly O&M (11 Months) $ 1,407,136.09 
18 3 Construction and O&M 3i Validation Sampling $ 90,936.68 
19 3 Construction and O&M 3j Project Demobilization $ 132,965.94 

Total Phase $ - Constructlofi «nd O&M 8,875.524 W 

20 4 Engineering Support During Construction 4a $ 176,078.87 

TotftI P h a s e 4 E i ^ i n e e r i n g S u p p o r t O u r i h g C o n s U U c t i o n m 176,078.87 

21 5 Integration and Operation of Remedial System 5a $ 60,276.71 

T o t a l P h b s e S Int6grati6tt A n d O p e r a t i o n o f R e m e d i a l SystctVi S fi0,276.71 
22 O&M Plan 6a $ 47,037.69 

T o t a l P h a s e 6 • O & M P l a n $ 47,D37.69 
23 7 ERH Final Technical Memorandum 7a $ 29,629.47 

T o t a l P h A s ^ T ' E R H T i iM l Te i ih tuca i M c m a r a n d u m M 29,629.47 
24 8 1 Enhanced MPE Final Tech Memortindum 8a $ 52,052.26 

Total Phase 8 • EnlMAced liP&::itml;;^ie!(;^:iMeino«ea^Mm SZ.O$i 28 
I I I I 

Project Total Esrtiitiated Coti m d,S43,040.36 

USACE - Omaha District 
Cost Worksheet CS4 Summery ion Confidential Information 



Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #1 

Phase 1 - Project Management 
Task la - Project Planning 
Task lb - Overall Project Resource Planning 
Task Ic - Overall Project Scheduling 

Labor 
Estimated 

Hours Unit Cost Subtotal 
Home Office Support 

Project Manager 520 $ 121.12 $ 62,984.10 
Engineer (senior) 48 $ 113.63 $ 5,454.03 

Engineer (mid) $ 77.71 $ 
Chemist (senior) $ 104.38 $ 

Chemist (mid) $ 71.83 $ 
Hydro / Geo (senior) $ 111.87 $ 

Hydro / Geo (mid) 24 $ 72.04 $ 1,728.96 
Clerical (admin, data entry, etc.) 24 $ 48.54 $ 1,165.01 

Field Personnel 
Site Supervisor $ 79.53 $ 

Cost Tracker $ 54.32 $ 
CQC Officer $ 63.84 $ 

SSHO $ 63.84 $ 
Env. Technician (senior) $ 54.32 $ 
Env. Technician (jr/mid) $ 45.19 $ 

Laborer $ 32.98 $ 

;;;:i:;;;:f:.i;;;:;;;:;̂  

Subcontracts Units Unit Cost Subtotal 
$ 
$ 
$ 
$ 

Materlals/Supplies/Nlisc Costs Units Unit Cost Subtotal 
$ 
$ 
$ 
$ 
$ 

Equipment Units Unit Cost Subtotal 
$ 
$ 
$ 

ODCs Units Unit Cost Subtotal 
Travel $ $ 

Shipping 1 $ 266.95 $ 266.95 
Copying 1 $ 260.13 $ 260.13 

Other $ 
$ 527.08 

Estimated Tusk Total: s rifiSB.ja 

USACE - Omaha District 
Cost Worksheet CS4 Tasks 1a, lb, Ic 2 of 49 Confidential Information 



Pemaco Superfund Site RA Proposal TN& Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #2 

Phase 1 - Project Management 
Task Id- Procurement 

Labor 
Estimated 

Hours Unit Cost Subtotal 
Home Office Support 

Project Manager 40 $ 121.12 $ 4,844.93 
Engineer (senior) 8 $ 113.63 $ 909.00 

Engineer (mid) 60 $ 77.71 $ 4,662.51 
Chemist (senior) $ 104.38 $ 

Chemist (mid) 60 $ 71.83 $ 4,310.04 
Hydro / Geo (senior) $ 111.87 $ 

Hydro / Geo (mid) 24 $ 72.04 $ 1,728.96 
Clerical (admin, data entry, etc.) 120 $ 48.54 $ 5,825.05 

Field Personnel 
Site Supervisor $ 79.53 $ 

Cost Tracker $ 54.32 $ 
CQC Officer $ 63.84 $ 

SSHO $ 63.84 $ 
Env. Technician (senior) $ 54.32 $ 
Env. Technician Qr/mid) $ 45.19 $ 

Subcontracts Units Unit Cost Subtotal 

;|i:;;;f;;:;;:;t;.f:;ii;;|;:i; mmmmmmmm 
Materlals/Supplies/MIsc Costs Units Unit Cost Subtotal 

;:;:$:;;||||||||;:;;;s 

Equipment Units Unit Cost Subtotal 

mm -

ODCs Units Unit Cost Subtotal 
Travel $ $ 

Shipping 1 $ 558.00 $ 667.37 
Copying 1 $ 712.50 $ 852.15 
, Other $ 

Subtotal, opcsi S 1,519,m 
1 1 

Estimated Task Total: m 23,800.02 

USACE - Omaha District 
Cost Worksheet CS4 Task Id 3 of 49 Confidential Information 



Pemaco Superfund Site RA Proposal TN& Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #3 

Phase 1 - Project Management 
Task 1e - Cost Controi and Tracking - (non-field) 

Labor 
Estimated 

Hours Unit Cost Subtotal 
Home Office Support 

Project Manager 60 $ 121.12 $ 7,267.40 
Engineer (senior) 40 $ 113.63 $ 4,545.02 

Engineer (mid) $ 77.71 $ 
Chemist (senior) $ 104.38 $ 

Chemist (mid) 16 $ 71.83 $ 1,149.34 
Hydro / Geo (senior) $ 111.87 $ 

Hydro / Geo (mid) 24 $ 72.04 $ 1,728.96 
Clerical (admin, data entry, etc.) 200 $ 48.54 $ 9,708.41 

Field Personnel 
Site Supervisor $ 79.53 $ 

Cost Tracker $ 54.32 $ 
CQC Officer $ 63.84 $ 

SSHO $ 63.84 $ 
Env. Technician (senior) $ 54.32 $ 
Env. Technician (jr/mid) $ 45.19 $ 

-WmmMtMmMmmmmm W$!i:mm4i399im 

Subcontracts Units Unit Cost Subtotal 

mmmmmmm 
MaterlalsJSupplles/Misc Costs Units Unit Cost Subtotal 

Equipment Units Unit Cost Subtotal 

S;:;:;:;:;::::?;::;:;;S $ 

ODCs Units Unit Cost Subtotal 
Travel $ $ 

Shipping $ $ 
Copying 1 $ 65.00 $ 65.00 

Other $ 
Subtotals opcsi $ 65.00 

1 
Estimated Task Total: 

USACE - Omaha District 
Cost Worksheet CS4 Task 1e 4 of 49 Confidential Information 



Pemaco Superfund Site RA Proposal TN& Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #4 

Phase 1 - Project Management 
Task If-Project Meetings (non-field) 

Labor 
Estimated 

Hours Unit Cost Subtotal 
Home Office Support 

Project Manager 64 $ 121.12 $ 7,751.89 
Engineer (senior) 64 $ 113.63 $ 7,272.03 

Engineer (mid) $ 77.71 $ 
Chemist (senior) $ 104.38 $ 

Chemist (mid) $ 71.83 $ 
Hydro / Geo (senior) 40 $ 111.87 $ 4,474.94 

Hydro / Geo (mid) $ 72.04 $ 
Clerical (admin, data entry, etc.) 8 $ 48.54 $ 388.34 

Field Personnel 
Site Supervisor 8 $ 79.53 $ 636.25 

Cost Tracker 8 $ 54.32 $ 434.53 
CQC Officer 8 $ 63.84 $ 510.76 

SSHO 8 $ 63.84 $ 510.76 
Env. Technician (senior) $ 54.32 $ 
Env. Technician (jr/mid) $ 45.19 $ 

Subcontracts Units Unit Cost Subtotal 

'§m!&iMM&:^^ $ 

Materials/Supplles/Misc Costs Units Unit Cost Subtotal 

$ -

Equipment Units Unit Cost Subtotal 

$ 

ODCs Units Unit Cost Subtotal 
Travel 1 $ 4,396.14 $ 4,396.14 

Shipping $ 
Copying 1 $ 633.88 $ 633.88 

Other $ 
Wmmm^mm 

1 
Estimated Task Total: $ 27,€09.S1 

USACE - Omaha District 
Cost Worksheet CS4 Task If 5 of 49 Confidential Information 



Pemaco Superfund Site RA Proposal TN& Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #5 

Phase 1 - Project Management 
Task 1g - Community Participation 

Labor 
Estimated 

Hours Unit Cost Subtotal 
Home Office Support 

Project Manaqer 60 $ 121.12 $ 7,267.40 
Engineer (senior) 60 $ 113.63 $ 6,817.53 

Engineer (mid) 60 $ 77.71 $ 4,662.51 
Chemist (senior) $ 104.38 $ 

Chemist (mid) 16 $ 71.83 $ 1,149.34 
Hydro / Geo (senior) 60 $ 111.87 $ 6,712.41 

Hydro / Geo (mid) 120 $ 72.04 $ 8,644.82 
Clerical (admin, data entry, etc.) 40 $ 48.54 $ 1,941.68 

Field Personnel 
Site Supervisor $ 79.53 $ 

Cost Tracker $ 54.32 $ 
CQC Officer $ 63.84 $ 

SSHO $ 63.84 $ 
Env. Technician (senior) $ 54.32 $ 
Env. Technician (jr/mid) $ 45.19 $ 

'miMmmsism 
Subcontracts Units Unit Cost Subtotal 
Translation Sen/ices 4 $ 1,543.95 $ 6,175.80 
Graphics Sen/ices 2 $ 2,573.25 $ 5,146.50 

Materials/Supplies/Misc Costs Units Unit Cost Subtotal 
Misc. 1 $ 1,196.00 $ 1,196.00 

Equipment Units Unit Cost Subtotal 

$ 

ODCs Units Unit Cost Subtotal 
Travel 1 $ 4,089.42 $ 4,089.42 

Shipping $ 
Copying 1 $ 4,634.50 $ 4,634.50 

Other $ . -

subtotal, oocm ,$ 8,723.92 
1 

Estimated Task Total: $ 58,437.92 

USACE - Omaha District 
Cost Worksheet CS4 Task Ig 6 of 49 Confidential Information 



Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #6 

Phase 2 - Project Plans 
Task 2a - Task-Specific Remedial Action Work Plans 

Labor 
Estimated 

Hours Unit Cost Subtotal 
Home Office Support 

Project Manager 8 $ 121.12 $ 968.99 
Engineer (senior) 120 $ 113.63 $ 13,635.06 

Engineer (mid) 160 $ 77.71 $ 12,433.36 
Chemist (senior) $ 104.38 $ 

Chemist (mid) $ 71.83 $ 
Hydro / Geo (senior) 12 $ 111.87 $ 1,342.48 

Hydro / Geo (mid) 24 $ 72.04 $ 1,728.96 
Clerical (admin, data entry, etc.) 48 $ 48.54 $ 2,330.02 

Field Personnel 
Site Supen/isor $ 79.53 $ 

Cost Tracker $ 54.32 $ 
C Q C Officer $ 63.84 $ 

SSHO $ 63.84 $ 
Env. Technician (senbr) $ 54.32 $ 
Env. Technician (jr/mid) $ -45.19 $ 

mmm2i4M£m 
Subcontracts Units Unit Cost Subtotal 

i::SMMmM:Wmm^ 

Materlals/Supplies/Misc Costs Units Unit Cost Subtotal 

m:;SM'i';&MSMMX $ 

Equipment Units Unit Cost Subtotal 

;:is;;:i:;;î :::$k:;;;;> mmMmmmm 
ODCs Units Unit Cost Subtotal 

Travel 1 $ 1,380.18 $ 1,380.18 
Shipping 1 $ 556.14 $ 556.14 
Copying 1 $ 2,511.60 $ 2,511.60 

Other $ 
Subtotal, opQsi $ 4,447.92 

1 1 
Estimated Task Total: $ 36,886.80 

USACE - Omaha District 
Cost Worksheet C$4 Task 2a 7 of 49 Confidential Information 



Pemaco Superfund Site RA Proposal TN& Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #9 

Phase 2 - Project Plans 
Tasif 2d - Construction Quality Controi Plan 

Labor 
Estimated 

Hours Unit Cost Subtotal 
Home Office Support 

Project Manager 8 $ 121.12 $ 968.99 
Engineer (senior) 40 $ 113.63 $ 4,545.02 

Engineer (mid) 100 $ 77.71 $ 7,770.85 
Chemist (senior) $ 104.38 $ 

Chemist (mid) 4 $ 71.83 $ 287.34 
Hydro / Geo (senior) $ 111.87 $ 

Hydro / Geo (mid) 16 $ 72.04 $ 1,152.64 
Clerical (admin, data entry, etc.) 24 $ 48.54 $ 1,165.01 

Field Personnel 
Site Supervisor 8 $ 79.53 $ 636.25 

Cost Tracker $ 54.32 $ 
CQC Officer $ 63.84 $ 

SSHO $ 63.84 $ 
Env. Technician (senior) $ 54.32 $ 
Env. Technician (jr/mid) $ 45.19 $ 

Wmmm26iim 
Subcontracts Units Unit Cost Subtotal 

mmimmmmm 
Materials/Supplies/Misc Costs Units Unit Cost Subtotal 

mmmmmimm 
Equipment Units Unit Cost Subtotal 

Subtotal, Equipment: 

ODCs Units Unit Cost Subtotal 
Travel $ $ 

Shipping 1 $ 222.46 $ 222.46 
Copying 1 $ 568.10 $ 568.10 

Other $ 
$ f x 790.56 

Estimated Task Total: $ 17,316.65 

USACE - Omaha District 
Cost Worksheet CS4 Task 2d 10 of 49 Confidential Information 



Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #10 

Phase 3 - Contruction and O&M 
Task 3a - Project Mobilization 

Labor 
Estimated 

Hours Unit Cost Subtotal 
Home Office Support 

Project Manager 12 $ 121.12 $ 1,453.48 
Engineer (senior) 16 $ 113.63 $ 1,818.01 

Engineer (mid) 40 $ 77.71 $ 3,108.34 
Chemist (senior) $ 104.38 $ 

Chemist (mid) 5 $ 71.83 $ 359.17 
Hydro / Geo (senior) $ 111.87 $ 

Hydro / Geo (mid) 60 $ 72.04 $ 4,322.41 
Clerical (admin, data entry, etc.) 12 $ 48.54 $ 582.50 

Field Personnel 
Site Supervisor 100 $ 79.53 $ 7,953.10 

Cost Tracker 48 $ 54.32 $ 2,607.15 
CQC Officer $ 63.84 $ 

SSHO 48 $ 63.84 $ 3,064.55 
Env. Technician (senior) 24 $ 54.32 $ 1,303.58 
Env. Technician (jr/mid) 48 $ 45.19 $ 2,169.11 

Subcontracts Units Unit Cost Subtotal 
Note: subcontractor mobilization costs 
are estimated at -$27,000; costs shown 
under respective constmction subtask 0 $ $ 

^mmmmmm 
Materials/Supplies/Misc Costs Units Unit Cost Subtotal 
Field Office Materials/Supplies, etc. 8 $ 717.60 $ 5,740.80 
Dumpster/Waste Removal 8 $ 448.50 $ 3,588.00 

$ 
$ 

m:mSiM<it^t^ $ 9,328.80 

Equipment Units Unit Cost Subtotal 
Field Trailer and Storage (8 months) 8 $ 1,196.00 $ 9,568.00 
Temporary Fencing 8 $ 358.80 $ 2,870.40 
Other (Porta-toilet, H&S, etc.) 8 $ 358.80 $ 2,870.40 

m;Mm5i3pmm 
ODCs Units Unit Cost Subtotal 

Travel 1 $ 6,372.89 $ 6,372.89 
Shipping $ $ 
Copying 1 $ 155.48 $ 155.48 

Other $ 
$ 6,528.37 

Estimated Task Total: 

USAGE - Omaha District 
Cost Worksheet CS4 Task 3a 11 of 49 Confidential Information 



Pemaco Superfund Site RA Proposal TN& Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #11 

Phase 3 - Contruction and O&M 
Task 3b - Well and Piping Installation • Phase 1 ("Park Area") 

Labor 
Estimated 

Hours Unit Cost Subtotal 
Home Office Support 

Project Manager $ 121.12 $ 
Engineer (senior) $ 113.63 $ 

Engineer (mid) $ 77.71 $ 
Chemist (senior) $ 104.38 $ 

Chemist (mid) 40 $ 71.83 $ 2,873.36 
Hydro / Geo (senior) 40 $ 111.87 $ 4,474.94 

Hydro / Geo (mid) 400 $ 72.04 $ 28,816.05 

Clerical (admin, data entry, etc.) 16 $ 48.54 $ 776.67 

Field Personnel 
Site Supervisor 510 $ 79.53 $ 40,560.80 

Cost Tracker 510 $ 54.32 $ 27,700.97 
C Q C 250 $ 63.84 $ 15,961.17 

S S H O 250 $ 63.84 $ 15,961.17 
Env. Technician (senior) 255 $ 54.32 $ 13,850.49 
Env. Technician Qr/mid) 510 $ 45.19 $ 23,046.76 

ss:;;::;;::;:::;:;;;;;:;;;.;* $ 174,022.39 

Subcont rac ts Units Unit Cost Subtotal 

Well Instcillatlon "Park" (lump sum) 1 $ 273,282.34 $ 273,282.34 

Trench and Pipe (lump sum) 1 $ 671,371.22 $ 671,371.22 
Soil Removal/Disposal (cy.) 345 $ 67.93 $ 23,437.16 

Site Security (days) 60 $ 185.27 $ 11,116.44 
Geophysical Survey (lump) 1 $ 3,602.55 $ 3,602.55 

Construction Surveyor (day) 3 $ 1,543.95 $ 4,631.85 
Traffic Control (flagmen) (day) 14 $ 257.33 $ 3,602.55 
::;;i;;;;;¥;;;;:.fs?;:;:;;;;;::;;;:;;5;;;;;;;::;;;;:; •$: .991,044.11 

Materials/Supplles/Miso Costs Units Unit Cost Subtotal 

H&S 1 $ 657.80 $ 657.80 

Sampling 160 $ 29.90 $ 4,784.00 

Misc. marking, steiking, flagging 1 $ 299.00 $ 299.00 

Visqeen Plastic (soil cover) 6 $ 119.60 $ 717.60 
ptl0s/Miso. Costsi: 

Equipment Units Unit Cost Subtotal 

Baker Tank Rental 1 $ 777.40 $ 777.40 

Bin Rental (17 bins for 90 days) 1530 $ 5.98 $ 9,149.40 
Equipment Rental (generator, etc.) 1 $ 2,990.00 $ 2,990.00 
PID (VOC monitor) 1 $ 1,315.60 $ 1,315.60 
Aerosol monitor 1 $ 598.00 $ 598.00 
Horiba U-10 (well development) 1 $ 598.00 $ 598.00 
Walter level indicator 1 $ 179.40 S 179.40 

Misc. Hand Tools 1 $ 179.40 S 179.40 

mmmM^msii-^ffW--'^:^^ $•:'-. 16,787.20 

ODCs Units Unit Cost Subtotal 
Travel 1 $ 52,511.58 $ 52,511.58 

Shipping 1 $ 4,664.40 $ 4,664.40 
Copying 1 $ 155.48 $ 155.48 

other $ 
.::':-v^i>'::miy-::^^;i^ :$ ::- 57,331:46 

1 1 
Estimated Task Total: $ 1.244,^43.56 
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Pemaco Superfund Site RA Proposal T N & Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #12 

Phase 3 - Contruction and O&M 
Task 3c - Well and Piping Installation - Phase 2 (60th Street) 

Labor 
Estimated 

Hours Unit Cost Subtotal 
Home Office Support 

Project Mcinager $ 121.12 $ 
Engineer (senior) $ 113.63 $ 

Engineer (mid) $ 77.71 $ 
Chemist (senior) $ 104.38 $ 

Chemist (mid) 20 $ 71.83 $ 1,436.68 
Hydro / Geo (senior) 40 $ 111.87 $ 4,474.94 

Hydro/Geo (mid) 140 $ 72.04 $ 10,085.62 
Cleric2il (admin, data entry, etc.) 16 $ 48.54 $ 776.67 

Field Personnel 
Site Supervisor 310 $ 79.53 $ 24,654.61 

Cost Tracker 310 $ 54.32 $ 16,837.85 
CQC Officer 155 $ 63.84 $ 9,895.93 

SSHO 155 $ 63.84 $ 9,895.93 
Env. Technician (senior) $ 54.32 $ 
Env. Technician (jr/mid) 140 $ 45.19 $ 6,326.56 

•:z';mt\m-i:iM:i:::^:i;ts:-^^^^ 

Subcontracts Units Unit Cost Subtotal 
Well Installation 60th Street (lump) 1 $ 39,675.29 $ 39,675.29 
Trench and Pipe (lump) 1 $ 160,351.56 $ 160,351.56 
Soil Removal/Disposal (c. y.) 64 $ 49.41 $ 3,162.01 
Site Security (day) 55 $ 185.27 $ 10,190.07 
Geophysical Survey (lump) 1 $ 2,573.25 $ 2,573.25 
Construction Surveyor (day) 2 $ 1,543.95 $ 3,087.90 
Traffic Control (flagmen) (day) 31 $ 257.33 $ 7,977.08 

Subtotal, Subcontracts: 5 227,017,16 

Matedals/Supplies/Mlsc Costs Units Unit Cost Subtotal 
H&S 5 $ 299.00 $ 1,495.00 
Traffic Control/Safety Equipment 1 $ 2,392.00 $ 2,392.00 
Misc. marking, staking, flagging 1 $ 299.00 $ 299.00 
Visqeen Plastic (soil cover) 6 $ 119.60 $ 717.60 
Drums (55 gallon) 32 $ 45.45 $ 1,454.34 

;:Matenals/Sup pJiesMls&CoMs: WmMe,3S7:94i 

Equipment Units Unit Cost Subtotal 
Bin Rental (5 bins for 90 days) 150 $ 5.98 $ 897.00 
Equipment RentctI (generator, etc.) 1 $ 2,990.00 $ 2,990.00 
PID (VOC monitor) 1 $ 1,315.60 $ 1,315.60 
Aerosol monitor 1 $ 598.00 $ 598.00 
Horiba U-10 (well development) 1 $ 598.00 $ 598.00 
Equipment Rental (generator, etc.) 1 $ 2,392.00 $ 2,392.00 
Walter level indicator 1 $ 179.40 $ 179.40 
Sampling pump 1 $ 1,196.00 $ 1,196.00 
S;!;:;.;?:;-;%;?;:;;;:;;;.;>? 5 10.166.00 

OOCs Units Unit Cost Subtotal 
Travel 1 S 22,626.53 $ 22,626.53 

Shipping $ 
Copying 1 $ 155.48 $ 155.48 

other $ 
SMii-^:i:mm^:f'-:'-M!tifii^i^ :$ 22,782.01 

1 1 
Estimated Task Total: $ 350.707M8 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #13 

Phase 3 - Contruction and O&M 
Task 3d - Treatment Building and Compound Construction 

Labor 
EsUmated 

Hours Unit Cost Subtotal 
Home Office Support 

Projeot Manager 16 $ 121.12 $ 1,937.97 
Engineer (senior) $ 113.63 $ 

Engineer (mid) $ 77.71 $ 
Chemist (senior) $ 104.38 $ 

Chemist (mid) $ 71.83 $ 
Hydro / Geo (senior) 0 $ 111.87 $ 

Hydro / Geo (mid) $ 72.04 $ 
Clerical (admin, data entry, etc.) 16 $ 48.54 $ 776.67 

Field Personnel 
Site Supervisor 200 $ 79.53 $ 15,906.20 

Cost Tracker 200 $ 54.32 $ 10,863.13 
CQC Officer 100 $ 63.84 $ 6,384.47 

SSHO 100 $ 63.84 $ 6.384.47 
Env. Technician (senior) 100 $ 54.32 $ 5.431.56 
Env. Technician (jr/mid) 100 $ 45.19 $ 4,518.97 

:.;:.;::;;::;;;;;:.;;:;:;:;;S;;5 v:m:-m2i203mi 

Subcontracts Units Unit Cost Subtotal 
Extemal Elec.Connecfions-lncl. ERH 1 S 138,955.50 $ 138.955.50 
Building Constmction 1 $ 59,699.40 $ 59.699.40 
Concrete Pads and Access Ways 1 $ 169,834.50 $ 169,834.50 
Transfonner T1 (Drawing E-2) 1 $ 33,966.90 $ 33,966.90 
Fencing & Gates 1 $ 13,380.90 $ 13,380.90 
Elec. Switches Panel, Stepdown trans. 1 $ 32,937.60 $ 32,937.60 
Interior/Exterior Wiring and Lighting 1 $ 44,259.90 $ 44,259.90 
Site Security (day) 20 $ 185.27 $ 3,705.48 
Alarm System 1 $ 12,351.60 $ 12,351.60 

Materlals/Supplies/Misc Costs Units Unit Cost Subtotal 
Misc. Hardware/Fittings, etc. 1 $ 1,435.20 $ 1,435.20 
Misc. exterior lights and wiring 1 $ 1,913.60 $ 1,913.60 
Misc. petints and coatings 1 $ 4,186.00 $ 4.186.00 
H&S 1 $ 299.00 $ 299.00 

S 7,833.80 

Equipment Units Unit Cost Subtotal 
Small Tools 1 $ 598.00 $ 598.00 
Equipment Rentad (generator, etc.) 1 $ 2,392.00 $ 2,392.00 
Paint/Coating Sprayer 1 $ 418.60 $ 418.60 

$ 
;:;:;SS;;;;;:;;;:;;:;;;:i;:;;;:;;*:̂ ^̂  $ 3,408.60 

ODCs L Units Unit Cost Subtotal 
Travel 1 $ 16,288.32 $ 16,288.32 

Shipping $ 
Copying 1 $ 155.48 $ 155.48 

Other $ 
Subtotal, ODCs: :;*:.;::;-:;i6,443.8a 

1 1 
Estimated Task Total: $ 589.981.43 

USACE-Omaha District 
Cost Worksheet CS4 Task 3d 14 of 49 Confidential Information 



Pemaco Superfund Site RA Proposal TN& Assoc/ates, Inc. 

Pemaco Remedial Action - Cost Worksheet #14 

Phase 3 - Contruction and O&M 
Task 3e- Treatment System Construction 

Labor 
Estimated 

Hours Unit Cosl Subtotal 
Home Office Support 

Project Manager 16 $ 121.12 $ 1,937.97 
Engineer (senior) $ 113.63 $ 

Engineer (mid) $ 7771 $ 
Chemist (senior) $ 104.38 $ 

Chemist (mid) $ 71.83 $ 
Hydro / Geo (senior) $ 111.87 $ 

Hydro / Geo (mid) $ 72.04 $ 
Clerical (admin, data entry, etc.) 12 $ 48.54 $ 582.50 

Field Personnel 
Site Supervisor 300 $ 79.53 $ 23,859.30 

Cost Tracker 300 $ 54.32 $ 16,294.69 
CQC Officer 150 $ 63.84 $ 9,576.70 

SSHO ISO $ 63.84 $ 9,576.70 
Env. Technician (senior) 300 $ 54.32 $ 16,294.69 
Env. Technician (ir/mid) 600 $ 45.19 $ 27,113.84 

m\Mi-':-M:w:Pf:;'W:^-^^ $ 105,236.40 

Subcontracts Umfs Unit Cost Subtotal 
Specialized Technicians 1 S 16,211.48 $ 16,211.48 
Site Security (day) 38 $ 185.27 $ 7,040.41 

• ; : ' ^ : ; : : ; : ; : : : : : o t t : : «« ; jQQ: 
O u D . l O I y • XiS,i£91.0if.. 

Materialsi/SuppliesMisc Costs Units Unit Cost Subtotal 
Misc. Hardware/Fittings, etc. 1 $ 2,990.00 S 2,990.00 
Misc. inl. wiring and connections 1 $ 1,435.20 $ 1,435.20 
Misc. paints and labels 1 $ 2,152.80 $ 2,152.80 
H&S - PPE, respiratory 1 $ 1,076.40 $ 1,076.40 
Misc. Office Furniture/Shelves 1 $ 3,827.20 $ 3,827.20 
Emergency Response - spill/fire 1 $ 3,229.20 $ 3,229.20 
['•'yimmMM^ blifeS/liili^\Ccistst: :ii'.\^:-'t4iriomi 

Equipment Units Unit Cost Subtotal 
Multi-phase Extraction System 1 $ 189,447.54 $ 189,447.54 
Influent Water CondiUoning 1 $ 20,560.56 $ 20,560.56 
Carbon Adsorber 2 $ 32,709.11 $ 65,418.21 
Vapor Conditioning 2 $ 17,555.17 $ 35,110.34 
Flameless Thermal Oxidizer 1 $ 603,874.75 $ 603,874.75 
Piping Materials 1 $ 110,032.00 $ 110,032.00 
Valves for Water Filters 16 $ 299.00 $ 4,784.00 
Vapor Valving and Gauges 1 $ 56,212.00 $ 56,212.00 
Instrumentation, PLC, meters 1 $ 81,328.00 $ 81,328.00 
Well F^jmps and Assemblies 36 $ 5,212.43 $ 187,647.54 
Water Conveyance and Tanks 1 $ 16,071.25 $ 16,071.25 
Water Filtration 10 $ 2,796.31 $ 27,963.08 
Flow Totalizers and Indicators 1 $ 1,495.00 $ 1,495.00 
Air Compressor 1 $ 18,881.49 $ 18,881.49 
UV Oxidizer System 1 $ 598,000.00 $ 598,000.00 
Forklift rental 1 $ 1,435.20 $ 1,435.20 
Interior lighting 1 $ 33,488.00 $ 33,488.00 
Drum dolly rental 1 $ 299.00 $ 299.00 

.:vX;SubUitiliE4ulitiif^ $ 2,052,047.95 

ODCs Units Unit Cost Subtotal 
Travel 1 $ 24,432.49 $ 24,432.49 

Shipping $ 
Copying 1 $ 155.48 $ 155.48 

Other $ 
:\m.:'...:m-f-''-'^mf:-mp':imsm^^^ •.t'-:-':-:24iB87j97-

1 1 
Estimated Task Total: 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #15 

Phase 3 - Contruction and O&M 
Task 3f - MPE, SVE, and Groundwater System Shakedown (including Sou, 

Labor 
Estimated 

Hours Unit Cost Subtotal 
Home Office Support 

Project Manager 16 $ 121.12 $ 1,937.97 
Engineer (senior) 200 $ 113.63 $ 22,725.11 

Engineer (mid) 120 $ 77.71 $ 9,325.02 
Chemist (senior) 8 $ 104.38 $ 835.01 

Chemist (mid) 80 $ 71.83 $ 5,746.72 
Hydro / Geo (senior) 8 $ 111.87 $ 894.99 

Hydro / Geo (mid) 40 $ 72.04 $ 2,881.61 
Clerical (admin, data entry, etc.) 32 $ 48.54 $ 1,553.35 

Field Personnel 
Site Supennsor 240 $ 79.53 $ 19,087.44 

Cost Tracker $ 54.32 $ 
CQC Officer $ 63.84 $ 

SSHO 40 $ 63.84 $ 2,553.79 
Env. Technician (senior) 400 $ 54.32 $ 21,726.25 
Env. Technician (jr/mid) 400 $ 45.19 $ 18,075.89 

Subtotal, Labor: $-. 107,343,14 Subtotal, Labor: $-. 107,343,14 

Subcontracts Units Unit Cost Subtotal 
Analytical 1 $ 112,780.40 $ 112,780.40 
Source Testing 1 $ 102,930.00 $ 102,930.00 
Liquid waste disposal 1 $ 874.91 $ 874.91 

mmiiisisssmi-
Materials/Supplies/Misc Costs Units Unit Cost Subtotal 
Misc. lubricants 1 $ 119.60 $ 119.60 
H&S Sample Ck)llection 1 $ 657.80 $ 657.80 
55-gallon drums 6 $ 45.45 S 272.69 
Electrical Costs (month) 1 $ 36,597.60 $ 36,597.60 
Water (month) 1 $ 2,750.80 $ 2,750.80 
Sewer (month) 1 $ 418.60 $ 418.60 
Gas (month) 1 $ 19,674.20 $ 19,674.20 
Sodium Hydroxide (month) 1 $ 6,099.60 $ 6,099.60 
Peroxide 1 $ 2,511.60 $ 2,511.60 

•̂ .;:;:::;:;̂ :f::-; ;.;••;•;?;;:?:•;:;:;;;;§ ilies/Miisc'jCbsts: .$ -. 69,102.49 

Equipment Units Unit Cost Subtotal 
Baker Tank 1 $ 777.40 $ 777.40 
Misc. gages and meters 1 $ 1,435.20 $ 1,435.20 
Misc controlls 1 $ 2,511.60 $ 2,511.60 
Vapor Monitoring Equip. 1 $ 9,328.80 $ 9,328.80 
Water Monitoring Equip. 1 $ 6,578.00 $ 6,578.00 
Misc. hardware 1 $ 299.00 $ 299.00 
Dioxin/Furan samp, collect, train 1 $ 23,794.27 $ 23,794.27 
:;;;;:;;;::;;;;:;;;;;:;;;;;:;;.;;V;;; s ̂ : S.;;.::;::::;:;:;:;:;:;:;:;:;:;:;.;S:;.;;; ::;:;:;:;:;•:•::•:;:;:;:;:;:: 

ODCs Units Unit Cost Subtotal 
Travel 1 $ 22,810.59 $ 22,810.59 

Shipping $ 
Copying 1 $ 155.48 $ 155.48 

other $ 
Subtotal, ODCs: $ 22,9mm 

1 1 
Estittji^il^^ftil^^ ^^6MmM 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #16 

Phase 3 - Contruction and O&M 
Task 3g - ERH Construction 

Labor 
Estimated 

Hours Unit Cost Subtotal 
Home Office Support 

Project Manager 6 $ 121.12 $ 726.74 
Engineer (senior) 40 $ 113.63 $ 4,545.02 

Engineer (mid) 60 $ 77.71 $ 4,662.51 
Chemist (senior) $ 104.38 $ 

Chemist (mid) 20 $ 71.83 $ 1.436.68 
Hydro / Geo (senior) $ 111.87 $ 

Hydro / Geo (mid) 100 $ 72.04 $ 7.204.01 
Clerical (admin, data entry, etc.) 6 $ 48.54 $ 291.25 

Field Personnel 
Site Supervisor 120 $ 79.53 $ 9.543.72 

Cost Tracker 30 $ 54.32 $ 1.629.47 
CQC Officer 60 $ 63.84 $ 3,830.68 

SSHO 60 $ 63.84 $ 3,830.68 
Env. Technician (senior) 40 $ 54.32 $ 2,172.63 
Env. Technician Qr/mid) 80 $ 45.19 $ 3,615.18 

:;;::;;:.;;;:;;!;:.:;:::;iS::;;|-;:;;̂  mi^mmmsB'm 
Subcontracts Units Unit Cost Subtotal 
ERH Construction and Operation 1 $ 2,058,600.00 $ 2.058,600.00 
Drilling (SVE Wells in ERH Area) 8 $ 7,431.55 $ 59.452.37 

;;:;::?;.;:;.;:::;Si:.;;:;Ŝ  $ 2,118,052.37 

Materials/Supplles/Misc Costs Units Unit Cost Subtotal 
Sampling Equipment 100 $ 29.90 $ . 2,990.00 

Well Vaults and Well Head Assembly 8 $ 598.00 $ 4,784.00 

Subtota I^MateinSI^upp^^ 

Equipment Units Unit Cost Subtotal 
Fencing 1 $ 14,950.00 $ 14.950.00 

|;;S;;ŝ ;;;;:;;;;;;:;;p;;:;;|;;:s:;:;;;;;;s 'miMMi4m<Km 

ODCs Units Unit Cost Subtotal 
Travel 1 $ 7,425.25 $ 7.425.25 

Shipping $ 
Copying 1 $ 77.74 $ 77.74 

Other $ 
&MWM&MMi'-l'^ 

Estimated Task Total: 
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Pemaco Superfund Site RA Proposal T N & Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #17 

Phase 3 - Contruction and O&M 
Task3h- Monthly O&M 

Labor 
Estimated 

Hours Unit Cost Subtota/ 
Home Office Support 

Project Manager 2 $ 121.12 $ 242.25 
Engineer (senior) 24 $ 113.63 $ 2,727.01 

Engineer (mid) 32 $ 77.71 $ 2,486.67 
Chemist (senior) 4 $ 104.38 $ 417.50 

Chemist (mid) 14 $ 71.83 $ 1,005.68 
Hydro/Geo (senior) 4 $ 111.87 $ 447.49 

Hydro / Geo (mid) 8 $ 72.04 $ 576.32 
Clerical (admin, data entry, etc.) 24 $ 48.54 $ 1,165.01 

Field Personnel 
Site Supervisor $ 79.53 $ 

Cost Tracker $ 54.32 $ 
C Q C Officer $ 63.84 $ 

S S H O $ 63.84 $ 
Env. Technician (senior) 160 $ 54.32 $ 8,690.50 
Env. Technician (jr/mid) 80 $ 45.19 $ 3,615.18 

Subtotal, Labor Subtotal, Labor •:,$::f:--i;llJi373i62^ 

Subcontracts Units Unit Cost Subtotal 
Analytical (month) 1 $ 22,696.07 $ 22,696.07 
Carbon Sampling/Disposal 0.0833 S 7,874.15 $ 655.92 
Sludge disposal 1 $ 257.33 $ 257.33 
Dumpster/Waste Removal 8 $ 385.99 $ 3,087.90 

$ 26,697St1 

Materials/Supplies/Misc Costs Units Unit Cost Subtotal 
Bag Filters 104 $ 38.57 $ 4,011.38 
Vapor Phase Carbon Replace. 0.0833 $ 14,950.00 $ 1,245.34 
Electrical Costs (month) 1 $ 36,597.60 $ 36,597.60 
Water (month) 1 $ 2,750.80 $ 2,750.80 
Sewer (month) 1 $ 418.60 $ 418.60 
Gas (month) 1 $ 19,674.20 $ 19,674.20 
Sodium Hydroxide (month) 1 $ 6,099.60 $ 6,099.60 
Peroxide 1 $ 2,511.60 $ 2,511.60 
Misc. lubricants 1 $ 119.60 $ 119.60 
Cleaning/Maintenance supplies 1 $ 119.60 $ 119.60 
Ice 1 $ 299.00 $ 299.00 
P P E , Spill, H&S 1 $ 328.90 $ 328.90 
Calibration gasses/fluids 1 $ 71.76 $ 71.76 

;:;;;:;;;:;;::;;;:;;:;•;;:::;:;;:;;;;;:;;:;;;:;;::;;;::;;: 
plfeS/MisciCosts: Wm0f4i!247m^. 

Equipment Units Unit Cost Subtotal 
Air Monitoring Equip. 1 $ 299.00 $ 299.00 
Misc. Replacement Parts 1 $ 1,435.20 $ 1,435.20 
Misc. piping, valves, fittings 1 $ 986.70 $ 986.70 

WM-Mi'MM;iW::0i:^^^^^ -'.$'- 2J20.90 

ODCs Units Unit Cost Subtotal 
Travel 1 $ 2,726.28 $ 2,726.28 

Shipping $ 
Copying 1 $ 155.48 $ 155.48 

Other $ 
Subtotal, ODCs: - •^- - • •. . 2^881.76 

1 1 
Eslimaled:if»sk^xiiafii i' "iitK^2lM 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #18 

Phase 3 - Contruction and O&M 
Task 3i - Validation Sampling 

Labor 
Estimated 

Hours Unit Cost Subtotal 
Home Office Support 

Project Manager 6 $ 121.12 $ 726.74 
Engineer (senior) 24 $ 113.63 $ 2,727.01 

Engineer (mid) 24 $ 77.71 $ 1,865.00 
Chemist (senior) $ 104.38 $ 

Chemist (mid) 60 $ 71.83 $ 4,310.04 
Hydro / Geo (senior) 32 $ 111:87 $ 3,579.95 

Hydro / Geo (mid) 120 $ 72.04 $ 8,644.82 
Clerical (admin, data entry, etc.) 24 $ 48.54 $ 1,165.01 

Field Personnel 
Site Supen/isor $ 79.53 $ 

Cost Tracker $ 54.32 $ 
CQC Officer $ 63.84 $ 

SSHO $ 63.84 $ 
Env. Technician (senior) $ 54.32 $ 
Env. Technician (jr/mid) 120 $ 45.19 $ 5,422.77 

Subtotal, Labor: 

Subcontracts Units Unit Cost Subtotal 
Drilling 1 $ 56,611.50 $ 56,611.50 

WSM:i'&iWMMMi:^^ i^$mmS6m^i!i5m 
Materials/Supplies/Misc Costs Units Unit Cost Subtotal 
Miscellaneous 1 $ 657.80 $ 657.80 

;i;;::S;f;::f|s|;;:;;:i;:;i;ii? 

Equipment Units Unit Cost Subtotal 

:̂fsf:;:?s;|s;;;;;i:|;:;;:;;|;S^ •mm±-m'<m 
ODCs Units Unit Cost Subtotal 

Travel 1 $ 5.070.56 $ 5.070.56 
Shipping $ 
Copying 1 $ 155.48 $ 155.48 

Other $ 
S;:!;;:::;;!;;;!;:.;:;;;;;;;:::;;.:;:;:?;:;;;̂  5,226.04 

1 1 
Estimated Task Total: 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #19 

Phase 3 - Contruction and O&M 
Task 3j - Project Demobilization 

Labor 
Estimated 

Hours Unit Cost Subtotal 
Home Office Support 

Project Manager 4 $ 121.12 $ 484.49 
Engineer (senior) $ 113.63 $ 

Engineer (mid) $ 77.71 $ 
Chemist (senior) $ 104.38 $ 

Chemist (mid) $ 71.83 $ 
Hydro / Geo (senior) $ 111.87 $ 

Hydro / Geo (mid) $ 72.04 $ 
Clerical (admin, data entry, etc.) 12 $ 48.54 $ 582.50 

Field Personnel 
Site Supervisor 80 $ 79.53 $ 6,362.48 

Cost Tracker 50 $ 54.32 $ 2,715.78 
CQC Officer 24 $ 63.84 $ 1.532.27 

SSHO 10 $ 63.84 $ 638.45 
Env. Technician (senior) $ 63.84 $ 
Env. Technician Qr/mid) 80 $ 45.19 $ 3,615.18 

•;:i*;:;*::;S;S|!;;;'« S 15,931.16 

Subcontracts Units Unit Cost Subtotal 
Analytical 0 $ 23,159.25 $ 
Liquid waste disposal 8 $ 257.33 $ 2,058.60 
Dumpster/Waste Removal 7 $ 385.99 $ 2,701.91 
Equipment Moving (FTO and Cart 1 $ 32,937.60 $ 32,937.60 
Industrial Gleaning 1 $ 10,087.14 $ 10,087.14 
Remove Overhead lines to ERH 1 $ 60,214.05 $ 60.214.05 
Utility Lockout 0 $ 13,895.55 $ 

$ 107,999.30 

Materlals/Supplies/Mlsc Costs Units Unit Cost Subtotal 
H&S - P P E , respiratory 1 $ 1,076.40 $ 1,076.40 
Misc. Cleaning materials 1 $ 657.80 $ 657.80 

:smm:SiJhtol^t,iMaterials/Sm p//eis;9tf/sc;<^ts;; S 1,734.20 

Equipment Units Unit Cost Subtotal 
Steam Cleaner 1 $ 299.00 $ 299.00 
Forklift 1 $ 1,435.20 $ 1,435.20 
Flatbed 5 $ 448.50 $ 2,242.50 

•^•.m-m^mmmii^mmmmmm S 3,976.70 

ODCs Units Unit Cost Subtotal 
Travel 1 $ 3,169.10 $ 3,169.10 

Shipping $ 
Copying 1 $ 155.48 $ 155.48 

Other $ 
Mmm;iSubttitaii;iOD<^:; ; :J 3,324.53 

' " 1 ' ' 1 
Estimated Task Total: 5 132,965.94 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #20 

Phase 4 - Engineering Support during Construction 
Task 4a - Engineering Support During Construction 

Labor 
Estimated 

Hours Unit Cost Subtotal 
Home Office Support 

Project Manager 6 $ 121.12 $ 726.74 
Engineer (senior) 700 $ 113.63 $ 79.537.88 

Engineer (mid) 700 $ 77.71 $ 54,395.97 
Chemist (senior) 6 $ 104.38 $ 626.25 

Chemist (mid) 60 $ 71.83 $ 4.310.04 
Hydro / Geo (senior) 80 $ 111.87 $ 8,949.88 

Hydro / Geo (mid) 40 $ 72.04 $ 2,881.61 
Clerical (admin, data entry, etc.) 32 $ 48.54 $ 1.553.35 

Field Personnel 
Site Supervisor $ 51.91 $ 

Cost Tracker $ 35.45 $ 
CQC Officer $ 41.67 $ 

SSHO $ 41.67 $ 
Env. Technician (senior) $ 35.45 $ 
Env. Technician (jr/mid) $ 29.49 $ 

:;:;;:;:;::: ;s:;:;;::::;:;;:::;::;:;;:::;Sf:::;:is>* mms2mwm 
Subcontracts Units Unit Cost Subtotal 

;.:::;;;;;;:;:;;;;;::;;;;;;;::;;:;;;;:;;;:;;;;;;;;;;;:;;::;;;:;:;:;:::::::;:::;.;::.;:::;:;:;.:::;;:;:::::;:;.;;:;:;:;:;.:.;:;:;:;:; mmmwmmmm 
Materlals/Supplles/Misc Costs Units Unit Cost Subtotal 

:•:;; :?SMtpifafi-li/latmafs/SUpplie Costs/; m 
Equipment Units Unit Cost Subtotal 

'iM:!:-cimm: Subtotal, Equipment: mmmmwmmm 
ODCs Units Unit Cost Subtotal 

Travel 1 $ 21,740.89 $ 21.740.89 
Shipping 1 $ 333.68 $ 333.68 
Copying 1 $ 1,022.58 $ 1.022.58 

Other $ 
jili|:;!:?;̂ |:!;::;:g:;:f 

1 1 
Estimated Task Total: m 176,078.87 
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Pemaco Superfund Site RA Proposal TN& Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #21 

Phase 5 - Integration and Operation of Remedial Systems 
Task 5a - Integration and Operation of Remedial Systems 

Labor 
Estimated 

Hours Unit Cost Subtotal 
Home Office Support 

Project Manager $ 121.12 $ 
Engineer (senior) 240 $ 113.63 $ 27,270.13 

Engineer (mid) 400 $ 77.71 $ 31,083.41 
Chemist (senior) $ 104.38 $ 

Chemist (mid) $ 71.83 $ 
Hydro / Geo (senior) $ 111.87 $ 

Hydro / Geo (mid) $ 72.04 $ 
Clerical (admin, data entry, etc.) $ 48.54 $ 

Field Personnel 
Site Supen/isor $ 111.82 $ 

Cost Tracker $ 76.37 $ 
CQC Officer $ 89.77 $ 

SSHO $ 89.77 $ 
Env. Technician (senior) $ 76.37 $ 
Env. Technician Qr/mid) $ 63.54 $ 

mm. 58,353.54 ;:;:;:;;;:•;?::•••;:;::;.;:;:;:;;;:;::•*:; ;S:;::S;:;:sS"-";:::;¥; ;•:*:;•:•': ;;S.i-̂  mm. 58,353.54 

Subcontracts Units Unit Cost Subtotal 

;:;:;:;;;;;:;:;:;:;;;;;:;:;:;;;:;•;:::::;:: ;:;:;;:;;;:;::;;-;:;:;:;i;:;5:;:;::-;:;:;.;:;:;:;.;;:;;;;;:;;;;;:;:;;;:;:;;:;:;̂ ^̂ ^ mmBmmmmmm: 
Materlals/Supplles/Mlsc Costs Units Unit Cost Subtotal 

:i';:;|-;:;|;;:;;il|;:'S; 

Equipment Units Unit Cost Subtotal 

•;;::s:.i|;:.|;::;;:;i;;?;:̂  mm \;-mmm-:-.ii:::i 

ODCs Units Unit Cost Subtotal 
Travel $ 

Shipping 1 $ 667.37 $ 667.37 
Copying 1 $ 1,255.80 $ 1,255.80 

Other $ 
• • '-•'- '-'•- Subtotal, ODCs: $ 1,923.17 

1 1 
Estimated Task Total: 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #22 

Phase 6 - O&M Plan 
Task 6a- O&M Plan 

Labor 
Estimated 

Hours Unit Cost Subtotal 
Home Office Support 

Project Manager 6 $ 121.12 $ 726.74 
Engineer (senior) 80 $ 113.63 $ 9.090.04 

Engineer (mid) 200 $ 77.71 $ 15.541.71 
Chemist (senior) 4 $ 104.38 $ 417.50 

Chemist (mid) 80 $ 71.83 $ 5,746.72 
Hydro / Geo (senior) 80 $ 111.87 $ 8.949.88 

Hydro / Geo (mid) 40 $ 72.04 $ 2,881.61 
Clerical (admin, data entry, etc.) 32 $ 48.54 $ 1,553.35 

Field Personnel 
Site Supervisor $ 79.53 $ 

Cost Tracker $ 54.32 $ 
CQC Officer $ 63.84 $ 

SSHO 8 $ 63.84 $ 510.76 
Env. Technician (senior) $ 54.32 $ 
Env. Technician Qr/mid) $ 45.19 $ 

:;:;;;?:::;:;:;:;;;;;:;;;;:;;;;;;;;;:;;;;;;::;;:;;::;;;:::::;:;::::: 

Subcontracts Units Unit Cost Subtotal 

'.•;.<:\im;t::Myt:'-i'yWm^ $ 

Materlals/Supplies/Misc Costs Units Unit Cost Subtotal 

;;;•;•;;;;:?•:•::: Subtotal, fi/lapedalsiSuppl m^mmmwmM 
Equipment Units Unit Cost Subtotal 

;;;;S;;;;;;s;::||;.:;;:;;;;;;;;;:? mmmmmmmm 
ODCs Units Unit Cost Subtotal 

Travel $ $ 
Shipping 1 $ 333.68 $ 333.68 
Copying 1 $ 1,285.70 $ 1,285.70 

Other $ 
Subtotal, ODCs: $ .. :• 1,619.38 

1 1 
Estimated Task Total: $ 47,037.69 
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Pemaco Superfund Site RA Proposal TN& Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #23 

Phase 7 - ERH Final Tech Memo 
Taslc 7a - ERH Final Tech Memo 

Labor 
Estimated 

Hours Unit Cost Subtotal 
Home Office Support 

Project Manager 6 $ 121.12 $ 726.74 
Engineer (senior) 80 $ 113.63 $ 9.090.04 

Engineer (mid) 80 $ 77.71 $ 6,216.68 
Chemist (senior) $ 104.38 $ 

Chemist (mid) 24 $ 71.83 $ 1,724.02 
Hydro / Geo (senior) 40 $ 111.87 $ 4,474.94 

Hydro / Geo (mid) 80 $ 72.04 $ 5,763.21 
Clerical (admin, data entry, etc.) 24 $ 48.54 $ 1,165.01 

Field Personnel 
Site Supervisor $ 79.53 $ 

Cost Tracker $ 54.32 $ 
CQC Officer $ 63.84 $ 

SSHO $ 63.84 $ 
Env. Technician (senior) $ 54.32 $ 
Env. Technician (jr/mid) $ 45.19 $ 

.;:.;;::s-I;|;;|;s|;|;|| '$'. ' - 29,160.64 

Subcontracts Units Unit Cost Subtotal 

;i;;?;:s;;;;;;;;;;;|||i;i;;s mmmmmm mm 
Materials/Supplies/Misc Costs Units Unit Cost Subtotal 

i:|:ilisii;;|:;:::;;;5î  0im0riais/Suip piies/Misc Costs: mm mmmmmm 
Equipment Units Unit Cost Subtotal 

j5|;i;|||;;;i;;;;i;i;iiil;;:| mmmmmmm 
ODCs Units Unit Cost Subtotal 

Travel $ $ 
Shipping 1 $ 222.46 $ 222.46 
Copying 1 $ 246.38 $ 246.38 

Other $ 
mmmmmi;-^mmmmmmmmm ^$mmmm46m$ii 

Estimated Task Total: mm 29,629.47 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Pemaco Remedial Action - Cost Worksheet #24 

Phase 8 - Enhanced MPE Final Tech Memo 
Task 8a - MPE, SVE, and Groundwater System Technical Memorandum 

Labor 
Estimated 

Hours Unit Cost Subtotal 
Home Office Support 

Project Manager 8 $ 121.12 $ 968.99 
Engineer (senior) 40 $ 113.63 $ 4,545.02 

Engineer (mid) 160 $ 77.71 $ 12,433.36 
Chemist (senior) 24 $ 104.38 $ 2,505.02 

Chemist (mid) 200 $ 71.83 $ 14,366.80 
Hydro / Geo (senior) 40 $ 111.87 $ 4.474.94 

Hydro / Geo (mid) 120 $ 72.04 $ 8,644.82 
Clerical (admin, data entry, etc.) 60 $ 48.54 $ 2,912.52 

Field Personnel 
Site Supervisor $ 79.53 $ 

Cost Tracker $ 54.32 $ 
CQC Officer $ 63.84 $ 

SSHO $ 63.84 $ 
Env. Technician (senior) $ 54.32 $ 
Env. Technician (jr/mid) $ 45.19 $ 

:;;;;:;||;i;;|;;;i;;:;;;;;;;;s5̂  ;;$ 50,851.47 

Subcontracts Units Unit Cost Subtotal 

.i:-ls;;::|;;;::;;;;:;;| mMm::mmmmm 
Materiais/Supplies/Misc Costs Units Unit Cost Subtotal 

fmmmmmmmmmmmm!}/-s^ ', Materials/Supplies/Misc Costs: mmmmmmmi 
Equipment Units Unit Cost Subtotal 

mmmmmmmmmmmmmmmmmf^^ mimmmmmmm 
ODCs Units Unit Cost Subtotal 

Travel $ $ 
Shipping 1 $ 333.68 $ 333.68 
Copying 1 $ 867.10 $ 867.10 

aher $ $ 

immimmmmmMmmmmmMmmmmmmm $ 1,200.78 

Estimated Task Total: 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 1 - Project Management 

Tasks l a , b and c - Project Planning, Resource Scheduling and Overall Scheduling 

Technical Assumptions for Tasks l a , b and c: 
1. Meeting attendance is included in Task If. 

Travel 
Toliainotind 
Trip Miles Art-Travel 

Mls<5. Travel 

l l l i i i l i i l l l l 
iiiiiiiiiiii 

date 

UhH Cost Par 
:;;|||;iil(igpS| 

gsHmatetJ 
No. trips Subtotal 

pestlriati»ri-{ii5Hgm^^ 

190 'Mms^MMi $ 0.405 $ 76.95 0 $ 
Sari; Ffahcisco,:6allfiM:hi.s;::;:!; ^ . ̂  NA $ 350.00 $ 50.00 ;;|||;;;;;:;0|:|:i:f;!:ii $ 400.00 0 $ 

FY 2005 Odftiestic Pe* OlamRates Max Lodging 
Bate 

f U m Rata Unit Cost 
P«rO«y 

Estimated 
No.flJOays i l i i i i S i 

i?ferf||eni;R I i i i i i i i i i i 
MS!^!iwai;;CaU^^ $ 100.00 $ 51.00 $ 151.00 0 $ 
Sah Francisco, Califorrila : \ $ 126.00 $ 51.00 $ 177.00 0 :x:|:|^x:f:|:|:|:x:|Ax:i:x;|:i:x $ 
;;;;;;;:;;::-:;:;;;:;;j;;;;;:;.;;;;;:;;:;;;;:;;;;;;;;;; $ 

Other OOC'S Wi t cost Units 

Shipping 

Fedisi(;XBibiier'sjM)? S 18.60 12 i l l i i i i i i i i i i $ 223 

F0deS<;;(cti^jfei*;a^ S 195.00 S 
Subtotal Shipping $ 223 

Copying 

81/2x11 S 0.13 500 i l i P i i i i i $ 65 

Bm^iMmMmmmMmmmmmm^ $ 7.00 20 i;;ipwii;:::;i§:;:;;S^̂ ^ $ 140 
Color 8 1/2x11 $ 0.25 50 $ 13 

••ISii-'SS;sS:S S 218 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 1 - Project Management 
Tasks 1d - Procurement 

No technical assumptions to add. 

T . . . . , 
Totat RouiKt 

Trip Mites i l viiii 
wise. Travel 

(Taxi) 
: Mileage 

Rate 
Uidt Coat Per 

Trip 
Esilnnatecl. 
No Trips Subtotal 

Diisyhatjiiiri;̂ (î  
M?iywtipiiî i:<; 180 ^?mmmm $ $ 0.405 $ 76.95 0 $ 
Ŝ h;Fir!iriii<i;Î Ĉ ^ NA 350.00 $ 50.00 $ S 400.00 0 $ 

FY ̂ 05 Domestic Per Diem nates Max Uxlglng 
Rate 1 &JEf ate Unit Cost 

Per Day 
esOrtiated 

U o . of Days 
i i i i i i iBii 

ip f̂:;t)|ewii;;Rî  i i i i i i ^ i i i i i i 
w^Miiiii^Mo^mmmmmmmmm $ 100.00 $ 51,00 $ 151.00 0 

;.:|:.:;:;:;;;:;:;;.:;:.:;S;:|:.x^̂ ^̂  $ 
SiriSFifiiiiiiiS^ S 126.00 $ 51.00 $ 177.00 0 mmmim 
ii?:;s;?;;;;;;;S;;;;;;;;;;;;;:? wmmmm 

other ODC'S Unit Cos t i stltnated 
Urals iiiiiiiiiii; l i i i i i i i i i 

Shipping 

Fedex (Binder s tze) : $ 18.60 'miMmm s i - i l i i i i i i i i i i i i i i i i i i i i timmmiMj^ 
Fedex::((jp6lei';sti^ :e $ 195.00 mmmmmii 

Subtotal Shipping $ 558 

Copying 

li-MMm^mmmmmm $ 0.13 2500 i i i i i i i i i i i wmmMM 
0| îzes5|;K;S;::-:;;;;;î  $ 7,00 wmmm/MM 
'iMM^^iiM^mmmMmmmmmm $ 0.25 ;i::;tSO ;;S;5Bg;ffi:;^;:;^^^^^ i;$;;;;;:;;;||;|:;|;;38:; 

mmmmmmmmiimmmsiiii^f^^ MmmmM 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 1 - Project Management 
Task 1 e - Cost Control and Tracking (non-field) 

Technical Assumptions for Task l e : 
1. Includes cost tracking on overall project basis, review of subcontractor invoices and tracking/comparison with field data. 
2. Daily construction cost tracking included in Tasks 3a-3f. 

Travel 
totat Roufid 
Trip Mites Afcr Travel 

Misc. Travel 
CTaxi) 

Mileage . 
Rate 

Unit Coat Per Estimated 
No Trips SoWotal 

PiiiitinjStio^ 

jaaywtwiiî  190 wmm:mmBi $ $ 0.405 $ 76.95 $ 
Sii;fi:;FrviBi^ NA $ 350.00 $ 50.00 S $ 400.00 $ 

FY !^05 Domastlt; Per Dlen> Rates Max Lodging 
Rate 

M&tEAate Unit Cost 
Par Day 

^timateO 
|i|o.of Days 

. 

Maywi«iŜ ^̂  $ 100.00 $ 51.00 % 151.00 i i i i i i i i i i i $ 
sart:;|wiiW^ S 126.00 $ 51.00 S 177.00 i i i i i i i i i i i i i i i i $ 

$ 

other ODC'S tJnItCiost 
;;;;;;;;;;̂ $̂ î t̂{Ki;;;;;;:;; 

Units 

Shipping 

î adaiiiî pihiiair'iilz $ 18.60 $ 
Feciexl̂ î pbje^^ $ 195.00 $ 
;;:;;;;;;;;;;;;;i;;:;;;;i;;;i;;.;:;;;;;;;;;!;;;;;;s;;sS S 

Copying 

'mMit'mmmmmmmmm:-i'mmmmmi:. $ 0.13 500 iiiiiiiiiliiiiiils $ 65 

v^xzMmmmmmmmmmmmmmmmmmm $ 7.00 i i i i i i i i i i i $ 

'MMMii^Mmmmmmmmmmmmm t 0.25 $ 
% 65 
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Pemaco Superfund Site RA Proposal TN& Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 1 - Project Management 
Task lg - Community Participation 

Technical Assumptions for Task Ig : 
1. Assumes 1 "full" community meeting and 5 meetings with communtiy focus groups. 
2. Assumes preparation and translation of 1 Fact Sheet. 
3. Assumes Fact Sheet postage paid by EPA 

Travel 
TotatfioUiwl 
Tnp Miles Air Travel 

Miso. Travel 
(Taxi) 

Mileage 
Rate 

Unat Cost P e r 
Trip 

: estimated 
N o Tr ips Subtotal 

Pestjhatfori :(Oi1glri '-. yehtui'a,'Catifbrriiia)'; m 

Maywood, California : 190 $ $ $ 0.405 $ 76.95 15 $ 1.154 

^arii;:F3«iirtciis NA S 35did0 $ 50.00 mmMmmm $ 400.00 $ 

•iOQS Domestio Per Olem Rates 
Max Lodging 

Rate 
M i i S . Rate 

Unit C o s t 
; | | ; i i | |¥ | | jg j | ; i | | 

Estimated 
N o of S a y s î ^S î̂ iiiS^SSSSiS:̂ ::̂  

P r t b t e n i f l a f e S ; ! ^ beistiria ;:;: i i i i i i i i i i i i i i i i i l 

MajSopiiiji:i(i $ 100,00 $ 51.00 $ 151.00 15 iiiiiiiiiiiiiliiil $ 2J265 

sart;:i|ifiiiijbis^i^^^^ $ 126.00 $ 51.00 $ 177.00 $ 
:;i:si;i;:;i;i;̂ •!;i!i:i;i;i;:•;̂ ^̂  $ 3.419 

Other OOC'S -Unit Cost 
EsSmaled 

Unrts 

Shipping 

Feii6x;;(^tnfl t 18.60 ;:;:;:::::;B:::;:::::S^̂ ^ $ 
Fedex:;((5&(i)j $ 195.00 :B^BW;BW:BBi;::^^ $ 
:;;;;-;:;s;S;̂ ;;;;;;;;;;;5;;;;;;;;;î  $ 
Copying 

'iMmiimmmm::mm;mmmmmm % 0.13 2500 l i i i i i i i i i i i i is i i $ 325 

'ommmmmmmmmmmmmmmB. $ 7.00 150 :B^:;By;:::;W:B:;:B;:;:;:B^^ | | | | : i | | | | i | i | i $ 1,050 

!6biidr;;8;;1/2!x;;1i;*:;;;? $ 0.25 10000 iiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiili $ 2,500 

; Subtotal Copying iiiiifiiiiiii;iiiiiiiiî 7i5i: 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 1 - Project Management 
Tasks If - Project Meetings 

Technical Assumptions for Task 1f: 
1. Includes 2 trips for 2 people to San Francisco. 6 trips for PM to project site (see table below). 
2. Attendence of weekly field meetings during construction by Site Manage and Lead Engineers are bugeted in Phase 3 tasks 

and in Task 4a. 
3. Attendence of Community meetings budgeted in Task Ig. 

Travel 
Total f^outtd 

Trip Mites « f T f a w l 

MlscTrav«1 
fTaxt} 

Milaage 
Rate 

t^ i^ tCoa^Par 
Trip 

fsHqrialect 
No. Trips Subtotal 

Destination (Origin: Ventura, California) 

Mayw0od< California 190 $ $ $ 0.405 $ 78,95 6 ^ 492 

Sah Frarioisco, Cal i fomia NA $ 35000 $ 50.00 S S 400.00 4 $ . 1.600 

FY aao$ Domest ic Per DIemRates Max Lodtfirtg 
Rate 

Unit Cos t 
Per Day 

Est imated 
N o , of Days 

Per O iem Rates by Destination 

Maywood, Cai i fomia $ 100,00 $ 51.00 $ 151.00 B $ 906 

sart Fraiviilsoo, ca l i fomia $ 126.00 $ 51.00 $ 177.00 4 $ 708 

Subtotal Travel $ 3.676 

other ODC'S Unit Cost 
Urats 

Shipping 

|ad )̂tv(Biri<aai:;itî ^ $ 18.60 $ 
ired«:;(doo!er; $ 195.00 iiiiiiiiiiiiiiiii $ 
;;;;¥>;;;i;;;;;;;;S;;;;;;:;f;:;;;S;;;;;5̂  $ 
Copying 

aiiii(̂ ;ii[;iiiii|;;;;i;iii;5̂ ^ $ 0.13 1000 :;;;:|:;:;:;:;:;;;:;:;:;:;:;:;:;̂ :;;BB::::::; 
:î ^̂ ^̂ :Bi?i:i:î ^̂ :î ?;i?̂ ^̂  $ 130 

D-Size $ 7.00 SO isSiSiSSSSSSig™^ i s i s i j i i i i i i $ 350 

Sijioiiiiiisiiitilî iiî ^ $ 0.25 200 iiiiiiiiiiiiiiiiiiiiiiiiiiiiil iiiliiiiiiiiiiiiiii^s :î :i:i?i;i:i:i:iS?i?:iJi:î ?;B^ $ 60 

:';;:;5i;iii;i;i;i;i;î :'';ft $ 530 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 2 - Project Plans 
Task 2a - Task-Specific Work Plans 

Technical Assumptions for Task 2a: 
1. TN&A will coordinate Work Plan production with the US EPA and USACE to assure that the content and presentation meet 

or exceed expectations. 
2. Cost for possible Work Plans to address supplementary insitu technologies; e.g., ISCO or EISB, have not been included. 
3. Costs are included to develop individual and/or composite Work Plans for separate construction phases, if necessary to 

meet project schedule. 

Travel 
Totai Roui>d 
Trip Miles « t Travel 

MisCf Travel 

i i i i i i i i l l i i l 
Mileage 

iiiiiiiiiiiiiiiii 
Unit Cost P a r 

iiiiiliiiiili 
Estimated ; 
No. Trips Sutttotat 

iEiBistiniaS<i>ri:(i3^ 

lyiayivjitSd^ 190 mm^mmi mmiimmm $ 0.405 % 76.95 $ 
iSailiiFrsiiiiiris^ NA $ 350.00 i$i.-:;:-:vi.iistJiOiji': $ $ 400.00 2 $ 800 

FY 2005 Pomest ic Per Plenn Rates 
Max U<;iglng 

Rate 
M&1£ Rate 

l)nltc<»*t 

| | i | | |^ i | | | | i 
E*tHT«l*«t 

N o , of Days 

SilisjijiSifflS^iiS^^^ 

;Bj:BBĵ Sj:W^ 

May*(0od;iii5î ^ $ 100.00 $ 51.00 $ 151.00 ;:iBj:B;:B;i;|ĵ ^̂ ^̂ ^ $ 
ĵi);;Fwriois $ 126.00 $ 51,00 $ 177.00 2 ;^iS;iiiii;iii;i $ 354 

;;;;;:;; ;;;;;;;;K:;;i;;;;;;;i;i:i;; $ 1,154 

othar ODC'B Unit C o s t 
Es.titnated 

Units 
:|:;:|y|:|:j:;̂ :|:;:i?:;̂ :;:|:̂ :;:|:;:;:;:|:̂  i i i i i i i i i i i 

Shipping 10.00 

FedM;;SBinide $ 18.60 25.00 iiiiiiiiiiiiiiiiiiii :y:::::¥::̂ ::$:?̂ :::S::i:y:̂  ;BB::;:^::B:B::BB^^ $ 465 

$ 195.00 iiiiiiiiiiiiiiiii | i i | i i i | i i | i i ^ 

: Subtotal Shipping $ 465 

Copying 

s;;ii/igiii(;iii:i;;i;;i:iŝ  $ 0.13 5000 iiiiiiiiiiiiiiiiiiiiiii i i i i l i l i l i i i i $ 650 

O-SIze S 7.00 200 $ 1,400 

cî rifiiifiteiiiiiij:;; $ 0.25 200 iiiiiiiiiiiiiiiii î :i:;:;:|;̂ :i:|:;:̂ i:v:x:S:|:;:x:S; $ 50 

:;k:;;;;|;;;;;:;;;;|;;;;;y:;;;;j;;;;;;S $ 2,100 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 2 - Project Plans 
Task 2b - Site Safey and Health Plan 

Technical Assumptions for Task 2b: 
1. TN&A will coordinate Site Safety and Health Plan production with the US EPA and USACE to assure that content and 

presentation meets or exceeds expectations. 
Assumes one Site Safety and Health Plan for the entire project and separate AHA chapters/addenda for various project 
phases/tasks. 

Travel 
TotaiRourKl 
Trip Miles Wr Travel 

Misc . Travel 

iiiiiiiiiiiiiiii 
Mileage 

Rate 
U r A C o s t Per 

Tr ip 
Estimated 
No, Trip* Subtotat 

bestji iaii io^ 

Maywood, Cali fornia : : 190 i;S;ii;;;iiiii;ii;ii;;;i;;;i;; $ $ 0.405 $ 76.95 $ 
S£ih:;Fri»ncts NA $ 350.00 $ 50,00 

-"•.'•.':-•.-'•-•*"•'•..-: 
$ 400.00 $ 

FY ZOOi DoFnestiB Per Ptem Rates 
Max Lodging 

i|i|iiiiliiii|ii 
M&tSRate 

Unit C o s t 
Pe rOay 

^ t l m a l e d 
N o of Days l i i i i i i i i i i i i illllliiiilli 

PerD iemPa i t ^ :B:̂ :;:B!:B::::::;̂ ^̂ ^̂ 4B>̂ ^ 

M i S ^ S o d ; ^ $ 100.00 $ St.00 $ 151.00 liBjBjBjjiH $ 
;siah:it̂ isiiictsc6î ^ $ 126.00 $ 51.00 $ 177.00 :y:::::;:i:::::̂ :S:W::̂ ^ $ 
:;;;:::;;i;;:;si-;;i;;;;i?i:;;;;;i;;;;i:;;;:;;;;;i: $ 

Other ODC'S Unit Cost 
Estimated 

Units 

Shipping 10.00 

Fecitesx:;iii3 $ 18.60 12.00 :i::::4B:::::4;::4::;:::::::::xS:̂ ^̂  $ 223 

Pe<iei<;;ftiiiiŜ  $ 195.00 ;4;:;:;:;4:::::S:::Ŝ ^̂ ^ iiiiiiiiiiiiiiiiiiii ;iSsS::j55M5i::i5:Si:t: $ 
;;;•;?;•;;;;;•;::;: ;j:i;:;;;;;S;;S^ $ 223 

Copying 

'^M^^mmmmmmmmm $ 0.13 4000 liggBg;?̂ ^̂ ^̂ ^ $ 520 

tmii^mmmmmmmmmmimm $ 7.00 20 $ 140 

i6ipjtii|i;fl;;iif2i $ 0.25 60 $ 15 

Subtotal Copying •;;i!i!i;ii;;i;;;i;iî ;;î ii 

USACE - Omaha District 
Cost Worksheet CS4 PH2 T2b 32 of 49 Confidential Information 



Pemaco Superfund Site RA Proposal TN& Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 2 - Project Plans 
Task 2c - Sampling and Analysis Plan 

Technical Assumptions for Task 2c: 

1 • TN&A will coordinate SAP production with the US EPA and USACE to assure that content and presentation meets or 
exceeds expectations. 

2. Assume SAP preparation treatment system processs monitoring, remediation progress monitoring, and verification 
sampling. 

Travel 
Total RCttiiid 
Trip Miles Air Travel 

MISQ Travel 
(TaxD 

i|i|iim|if||ii 
Rate 

UnitCostPer 

; i i i ; i i i i i i No. Tf Ipfi Subtolai 

jVliiliyw 190 S $ $ 0.405 $ 78.95 $ 

:$|irt;;FrtniSi^ NA $ 350.00 $ 50.00 5 $ 400.00 2 $ 800 

FY 300$ Ponwstlo Par Diem Rates 
Max Lodging 

Rate M&tgPata 
Unit Cost 
Par Pay 

Esbmatect 
NaofOsys :i:-̂ ;j:̂ i:|:SyiSi:|:i:|:j:î  

PeiS;Pieiirt::R 

ij)it!iywwdi;Cp^ $ 100.00 $ 51.00 $ 151.00 
:;:x:w:;:;A|>:V:;:;:;:;:;:;:;:::;:::;:̂  iiiiiiiiiiiiiiiii $ 

sSriifSwiiiS^ $ 126.00 $ 51.00 $ 177.00 2 $ 354 

;5;;;;:;:?-?;;:?5:;i;;;;;;;;;;;;;;;;;;;;:̂  $ 1,154 

Other OPC's Unit Cost Estimated 
linlts 

Shipping 

F6yai?;;(Biiji^ $ 18.60 10.00 :;:;̂ :;:::;:;:::̂ ;:;;:>j;>̂ >̂:;:;::̂  iiiiiiiiiiiiiiiii $ 186 

Fedi6j!;j(Go6l6f;srt^ S 195.00 $ 

;;:;;::;;;;;;:;;;:;;§;.:;;::;:;:;;;:.; 'mmmmim 
Copying 

8;iiiai:iii!;i;t:i;i;;;i;il;; $ 0.13 5000 | | i | | i i i i î̂ ;;;;;i;s|;ii;|i:;;650̂ ^ 

D.m0mmmmmm:?:mmmmmmmmmm $ 7.00 200 :i:;5i4i:i:i:i:i:i:;̂ ::4̂ ^̂ ^̂  $ 1.400 

msri^mMmmmmmmmmmmm S 0.25 200 ii;:;::;;;*̂ ^̂ ^̂ ^̂  $ 50 

:;?;;;;;;;;:§iu j^cSal^ :iii.iiii;i|i;i;ii!ii|Sî ^ 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 2 - Project Plans 
Task 2d - Construction Quality Control Plan 

Technical Assumpt ions for Task 2d: 

1. TN&A will coordinate CQC Plan production with the US EPA and USACE to assure that the content and presentation meet or 
exceed expectations. 

Travel 
Totat Round 

Tt^ Mites Air Travel 
Misc- Travel 

(TaxO 
Mileage 

Rate 
UnitCostPer 

i i i i i i i i i i i 
EsUcnated 
No. Trips Subtotal 

iiSiitifialBah-(i3ii^l^ 

Mayw<wcj,;ciS^^ 190 $ $ $ 0.405 $ 76.95 $ 

SiihifWiiiiiiEi NA $ 350.00 S 50.00 ii;ip::iiiiiii:;ii:;0;iii:S;i;ii:| $ 400.00 $ 

FY 2005 Dornestlc Per Diem Rates Max Lodging 
Rate 

M&IE Rate Unit Cost 
Per Day 

Estimated 
No. of pays 

p îrpiaiSfliaiS^^ iiiiiiiiiiiiiiiiiiiiiii i i i i i i i i i i i i i i i i 

jj/iaiwijoiiî ^ $ 100.00 $ 51.00 $ 151.00 $ 

SStt;:il|raihiiflS S 126.00 S 51.00 $ 177.00 iiiiiiiiiiiiiiisii $ 

i:;:;-;;̂ ;::;;:;;;:;i::;;;:;;;;;;;:;.;;;;̂  $ 

Other ODC'S Unit Cost 
Estimated • 

Units 

Shipping 

Fedex (Binder size) $ 18.60 10 I i i i i i i i i i i i i i i i $ 186 

Fedex;:(i(:ooter;s^^^^ $ 195.00 $ 

: Subtotal Shipping 
Copying 

$ 186 

8 1/2 X 11 $ 0.13 1500 i l i i i i i i l i i i misplfiggjiji*̂ ^̂ ^ $ 195 

Pisiie ;f ;•;;;;;;:;;:;;;;;;;:;: ̂ :-:.:i^':^M:. $ 7.00 40 ;wBi;:S:4;̂ ;:;:::::4:B̂ ^ $ 280 

Siiii<iii:;l;ii;î  

Subtotal Copying 

$ 0.25 :::;w:4;:B;4:::4Bi4:::4:v:'; :::::j:|;;:|:|:::;::i|:;:;:|;|:;:;:::;:x:w^^ iiSSSSSiSiSiSiiSiSS •l-Bi-i-Bi-l'-Bi'î i'BBB:̂ :-;-: $ 

wmmm^ 
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Pemaco Superfund Site RA Proposal TN& Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 3 - Construction and O&M 
Task 3a - Project Mobilization 

Technical Assumptions for Task 3a: 
1. Subcontractor mobilization costs are estimated at -$27,000 and are not shown under this Task. Costs for subcontractor 

mobilizations are shown under respective construction tasks (Tasks 3b-3g). 
2. Mobilization charges shown include mobilize construction facilities, manage utility connections and locating/marking, 

facilitate equipment and material deliveries, facilitate subcontractor mobilizations and coordinate transitions with park 
construction activities. 

3. Note: While the RFP listed this initial Task as Mobilization/Demobilization, Demobilization was also listed as a separate 
Task. In this cost estimate, demobilization costs are included in Task 3J, Project Demobilization. 

Travel 
Totat Round 
Trip Miles Air Travel 

Mis6.Traval 
(Taxi) 

Mileage 
Rate 

Urrft Cost Per 
Trip 

Estimated 
No. Trips iS îbtotat 

PiiiiilriaiBbfl:(dri^lh:;:;VesH^ 

lii/iaywoocfĉ  190 $ mmmmmm $ 0.405 $ 76.95 30 i:$iiii;:;iiiii^*: 
Sart-Pji^hSiSd^ NA $ : ; 350.00 $ S0.00 $ $ 400.00 $ 

FY 2005 Oomestus Per Oiam Rales 
Max Lodging 

Rale 
MAttRate Unit Cost 

Per Day 
Estimated 

No. of Day* 
l i i i i i i i i i 

PerPiiemPates;!]^ Pestinalibri ii^Mmi: 

iyta!^i»iai;i^ $ 100.00 $ 51.00 % 151.00 20 iiiiiiiiiiiiiiii $ 3,020 

Sarii;;Pt«np!Scbi;^ $ 126.00 $ 51.00 $ 177.00 i i i i i i i i i i i i i i i i i i i i i i * 

;:;:;:;;;;:;;;;;;;;;;;;;;;;;;;;;;;;;;;;:;;;:•;;;;;;;;;;;;;;; ;Y; $ 5.329 

Other ODC'S Unit Cost 
Estimated 

Unite 

Shipping 

jiedijx:;(Blnders^ $ 16.60 •:':-:-:-:̂ :-i-:-:<o:̂ ^ :|:|:|:|:j:|:ĵ :j:|:|:|:v:|:j:|:|;j:j:|:|:|:j:j:j •:':v;̂ ?:-;-;-:-:-:-:-:̂ X'̂  $ 
Fediii|;:i(Ci(*^ $ 195.00 iiiiiiiiiiiiiiiiiiiiiiiiiiiii $ 
:;;|;:;;||;:;;;;;;;;i;;;;|;;;;;;;::;;;ĵ  $ 
Copying 

8i1«ii;>ii;Siii;i;i;i;i;i;i;: $ 0.13 1000 ;::::::::;;:;:;:;S!:;BB̂ ^̂ ^̂ ^ :Bisji¥i?i:i?i:i?iŜ ^̂  i i l l l l l l i i i l i i i ;i;|i;i;i;iii-i|M 
6i.SiiSi;i;i;i;i.i;i;i;i?:i:i;i;ii:i;i;i;i;i; $ 7.00 iiisiiii-li'i'iiiii 
eblor;;8:;i/2xi;1;i;:;i;̂ i;:; $ 0.25 'mm-:mm]i 

: :.;;;:;:;;;;:i;;;;.;;;::;;;;Suirt<rtal.; '^i^mmMM 
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Pemaco Superfund Site RA Proposal TN& Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 3 - Construction and O&M 
Task 3b - Well and Piping Installation - Phase 1 

Technical Assumptions for Task 3b: 
1 It is assumed that the proposed Walker Avenue and 59th Place pipe and trench network will cross over existing water, gas and sewer 

pipelines. The "As Built" depth of these networks cannot be confirmed from available drawings, therefore it is anticipated that some 
design/build decisions will be made in the field regarding final pipeline depth. 

2 It is assumed that traffic control and safety equipment, including: cover plates, cones, temporary fencing, construction signs and barriers 
are included in the lump-sum total for Trench and Pipe." 

3 It Is assumed that 345 c y . of trench spoils requires disposal as "non-hazardous waste' at a Class I disposal facility. 

4 Estimate includes analytical sampling from 12 wells in and surrounding the ERH area, averaging 12 samples per well using an Encore 
sampler. 

5 The health Eind safety oversight and quality control oversight will be perfonned by the same person. 

6 The estimate includes all wells, vaults, and wellhead assemblies for "Park Area." 

7 The park area includes all wells wnthin the park boundary plus all wells on 59th Place and Walker Ave. 

8 Since the park grading activity and former use has compacted the site, a minimal cimount of compaction testing will be required for trench 
floors. 

9 A "one-sack sand slurry" will be used to backfill pipes to 6 inches above the pipe, the remainder of the trench will be backfilled with 
trench spoils. 

10 Trench plates will be used in all Streets. 

11 The costs of removal or relocation of any utilities is not included. 

12 Excavations less than 5 ft in depth and in which a competent person examines and determines there to be no 
potential for cave-in do not require protective systems. Trench shoring will be used, as needed. In accordance with ACE and OSHA 
requirements. 

13 /^phalt will be replaced to the same specification as it was found. 

14 /\sphalt will be replaced to the same specification as exists currently. 

15 Well Installation and Trenching/Piping Sucontractor costs based on initial quotes from several candidate subcontractors. 

Totat ftounrt 
Trip Miles Air Travel 

Mi9<; travst 
{taxi) •'=:;:':-:̂ ;:;:ĵ ĵ|̂ ;̂ :;:j:;:;:;:; 

Uo l tCostper 

iiiiiiiiiiiiiliiiiiiii 
.CsUmnied 
No Trips SutHotat 

6(iiiinffliip^ 
l\(fai^S?0(iii;:^|a|ifQrrt!a 190 mmmmi iii;:ii;5;;iii;ii5iii;iiiii: $ 0405 S 76.95 80 S 6.156 

s*t̂ î ^̂ *î )!if̂ î ^ NA $ 35000 $ 6000 $ $ 400.00 $ 

FY SQOS Domeatlo Per Dfem Rates 
Max I M g i n i 

Rate 
M&IE Rate 

ynltCiiwt 
Per Day 

EstiiMlat) 
Mov otf &ays 

IIIIIIIIIII iiiiiiiiiii 
Per IpieiiH: jRates iiy.p^ilhiiif jp 

rtaywriod^iCJiiiitb $ 100 00 $ 51 00 $ 151,00 250 $ 37,750 

^itt::l(i:rtrtc!seiiKCal $ 12C0O $ 61 CIO J 177.00 J 
iiWmmmm-iM jiiiicrtaiTiSvii i;*̂ :i;':li;;;i;;i;;;;i;iiiiii:iii;ii;;;;;;l̂  

Other O D C s iiiiillliiii S^tinurted 
Units ;;:|:̂ ;;::::;:;:̂ :̂SBBB^^^ :̂ :̂::::̂ ?>Ŝ?:̂ :-:̂S:::̂ ::::̂ ^ 

Shipping 

Feiiiex;;i^iii(ier;size); ;.;;;•;;;:; $ 18.60 :;l;:i;:î :ii:;;::;:;i;:;i;i;i;;;i?i;î  
Fedex; (Cbbiisr;sjzei;^;e;g.;;isam -.;::; ( 193.00 20 ¥;3s:;?ffl;:;SSŜ  iiS;;;:̂ :i;i;:i;;;;;;;;i;ii;;;;;;;;i;:̂  

' Subtotat Shipping 'immimm^smimofy: 
Copying 

i^iiziMmmmmmmmmmmmm^m $ 0.13 1000 

Dirsiimmmmmm^^ $ 7.00 iiiiiiiiiiiiii B:;:4:̂ ;:;;:;;l;:;i;:;:;::;;:;;;̂ ^̂ ^ Mmmmmmmmm 
iiolori:iB;;ii(/i $ 0.25 'mmmmmimMmm:^: 
;:;;;;;;;;;;;;;;;;;;;::;;•;;;;;;:;;;;;;;;;;;: ;;:.;;;;;;;;;;;ĵ  i 130 
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Pemaco Superfund Site RA Proposal TN& Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 3 - Construction and O&M 
Task 3c - Well and Piping Installation - Phase 2 

Technical Assumptions for task 3c: 
1. 

10. 
11. 
12. 

13. 
14. 

The drilling estimate includes all wells planned for 60th St. (shown on RD Drawing C-2). The total number of wells is 8 for 
Phase 2. 
It is assumed that the proposed 60th St. pipe and trench network will cross over numerous existing water, gas, and sewer 
pipelines. The "As Built" depth of these networks cannot be confimied from available drawings, therefore it is anticipated 
that some design/build decisions will be made in the field regarding final pipeline depth. 
It is assumed that traffic control and safety equipment, including: cover plates, cones, temporary fencing, construction signs 
and barriers are included in the lump-sum total for "Trench and Pipe." 
It is assumed that 64 cy . of soil will be recycled as waste soil. 
The health and safety oversight and quality control oversight will be performed by the same person. 
The estimate includes all wells, vaults, and wellhead assemblies for "Park Area." 
The park area includes all wells within the park boundary plus all wells on 59th Place and Walker Ave. 
Since the park grading activity and former use has compacted the site, a minimal amount of compaction testing will be 
required for trench floors. 
A "one-sack sand slurry" will be used to backfill pipes to 6 inches above the pipe, the remainder of the trench will be 
backfilled with trench spoils. 
Trench plates will be used in all streets. 
The costs of removal or relocation of any utilities is not included. 

Excavations less than 5 ft in depth and in which a competent person examines and determines there to be no 
potential for cave-in do not require protective systems. Trench shoring will be used, as needed, in accordance with ACE and 
OSHA requirements. 
Asphalt will be replaced to the same specification as exists currently. 
Well Installation and Trenching/Piping Sucontractor costs based on initial quotes from several candidate subcontractors. 

iliiiiiMiiiiiilliiliiiP^^^^^^^ Total Rouwt 
Trip Miles Air Travel 

Misc Travel 

iiiiisiiiiiiiiiiiiiii 
Miieage 

Rate 
UrBtCostPer 

trip 
Estimat«4 
No^Trips iiiiiiiiiiiiii 

ii>estihtrtiBiS;;(P 

Mai^(ift!ii|i;;iP 190 $ '\^mmmm $ 0.405 $ 76.95 30 '^mm^im^: 
San:;Firis h<î  NA $ 350.00 $ 50.00 mmmm. $ 400.00 .;$;i:-;5iii-iili;:-:-i;ii': 

Ff 200$ Oomastlc Per oiem Rates 
Max Lodging 

Rate M&iERata 
Unit Cost 
Per Day 

Estirnated 
No. Of Days 

l i i i i i iB l i 1111111̂11 
piir.-PjeiTi:Ra^^ 

Maywmd;'^alitaniiia'^^^ ;;:;;:;:;;;;;•:; $ 100.00 $ 51.00 $ 151.00 110 ii$;;;;i:?::ii;:i;e;6i:D:; 

;Sifl|r!i::iî hciScO^ $ 126.00 $ 51.00 $ 177.00 i;?;i;;;:ii;|;iii;ii;;iiii;i;;; 
;;;;;.:;;;;;;::;;:;:|;;;;;;;il;;il;?; t$m'M^(i.: 

Other ODC'S Unit Cost Estimated 
Units 

Shipping 

Fadiaii:;i(i|l|iid^^^^ $ 18.60 wmmmm 
j?6|f(?!i!:;iiioO $ 195.00 wmmmmm 
::i;:;;i;;:;;;i::;i;;;i;;;.i;i;i;;;s;-i;;:;;;;;;!;i-̂ ^ wmmmmsm 
Copying 

'BM^H^ $ 0.13 1000 ii;i|̂ ;;i;:;;;;;:;;;;;;;;;|;;;;;|jjp̂  

p-^ize;ili;;;iSiiisi;i;i;i; $ 7.00 iiiiiiiiiiiiiiiiiiiiiii iiliiiiiiiiii;iiiiiiiiiiiiii;ii:ii: 
Coi<ii!r;8;.iii/2;i:i;î ^ $ 0.25 i;;S;i;;;i;i;i;i;i;:ii;i;iii;i;i;iiii;iii:;̂ ^ 
i;;;;|;:4;;;|;|;|;;;|;:;-:¥:;;̂  iii|::ii;ii:iii:iii=ii::ili}it);̂ i 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 3 - Construction and O&M 
Task 3d - Treatment Building and Compound Construction 

Technical Assumptions for Task 3d: 
1. Subcontract costs shown are based on initial quotes from candidate subcontractors. Gates and alarm system from R.S. 

Means. 
2. The extemal eleclrical connections include approx. $75,000 for high voltage cables to connect S.C. Edison lines to the ERH 

compound. Additional installation costs are from all electrical connector & conveyance equipment (6 poles to ERH area, 2 
poles to main compound) necessary to bring power to both the main treatment compound and the ERH area. 

3. The pre-engineered steel building design will be compatible with the concrete sections shown in drawing C-10. Structure will 
not require any additional permits. 

4. Concrete Pad includes items shown in Drawings C-9 and C-10 plus (1) 20-foot wide asphalt access road from 60th Steet to 
the compound. 

5. The transfonner T l is for the main compound only. The transformer will be provided by S C E and the cost may vary based 
on availability. 

6. All interior electical components and recepticles are included. 

Total RouiMl 
Trip Mlies Air Travel 

Misc . Travel 
(Taxi) 

MlieagS ; 

iipiii|ji|i|i|| 
Unit C o a t Par £sDrnated 

No. Trips «ubtotaf 

Daî tlriailibh :(prjSlitii;ii;i;vaHtiajr̂  
190 :iiiiiii?liiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii $ 0.405 $ 76.95 20 $ 1,539 

saniPiraiii^ NA S 350.00 S 50.00 $ S 400.00 5 

FY 200$ Domest ic Per Olem Rates 
Max Lodging 

Rate 
M&IE Rate Unit Cos t 

Per Day 
Estimatad 

N o . of Days 

P*̂ ;piieH5rt:i(?a^ 
Maî iSsdiiiiia^^ $ 100.00 $ 51.00 $ 151.00 80 j;S:S;S;:5;5:S;4:S;5:B:;;:;:f iitmmmmii. 
sah;;Ff;anbiisdp̂  S 126.00 $ 51.00 $ 177.00 ^̂ ::̂ ::4i:i;;?4i:i4i:i:̂ ^̂ ^̂  mmmmm 
;;;̂ S::S;;;;:;;;:;:;;;s ;ii|i:i;i:ii;;;;;iii;i|i3 îil; 

Ot i t e rOPC 's Un1t(k>st 
; Est imated 

Units i i i i i i i i i i i XB5;B^^B^.;B:;^;: :O^^^ i i i i i i i i i i i 
Shipping 

t-edei;;it6tiitiiar̂  $ 18.60 •̂ ;¥^ :̂W;-;̂ ;¥B;:;¥SBB::B;: $ 
Fedex; :^opjer :S^^ $ 195.00 $ 
;;;;;-;;:;;;;;;;;;;;;;;5:;;;;;;;;;;;;;;;̂ ^ 

'.•.;'.,'.'.; < -,; 
$ 

Copying 

(Miiiiii-iimmm^mmmmmmmmmm $ 0.13 1000 S 130 

iP̂ ize;;;;;;;;;;::::;;;;:;;;;S $ 7.00 
:i:|̂ ^>:i:|:|:ĵ :;?:x:x:|:x:|:j:x:|;x $ 

ebiiir;|5it/S;5i;;l;̂  $ 0.25 $ 
;;;;;;;i;;;;;;;;;;;;;;;;;;:;:;;:;;i;:;.;;;* $ 130 
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Pemaco Superfund Site RA Proposal TN& Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 3 - Construction and O&M 
Task 3e - Treatment System Construction 

Technical Assumptions for Task 3e: 
1. 

3. 
4. 
5. 
6. 
7. 

Task 3e includes installation of all interior manifolds and conveyance piping for water and vapor treatment systems. All 
treatment equipment shown in the General P&ID drawing M-1 are included. 

Specialized technician (shown under Subcontracts) may be multiple subcontractors required for integration of systems, 
control refinement, etc. 

System appurtunances such as flowmeters and gauges will be installed as per design. 
Includes purchase of specified FTO and UV/Oxidation treatment units based initial vendor quotes. 
Post-FTO vapor conditioning and carbon treatment system included. 
Does not include carbon treatment system for water treatment. 

The MPE system line item (under Equipment) includes: high vac pumps (P-101 and P-102); moisture seperator (V-101); 
control systems; inlet filters (F-101, F-102); transfer pump (P-201); exhaust filters (F-103, F-104); gauges and meters 
(influent and effluent); etc. 
Includes all downhole well pumps, assemblies and controls. Unit cost of $4,358.22 is weighted average of heat-tolerant 
pumps required for ERH area and regular pumps for wells outside ERH area; based on initial vendor quote. 
Treatment system installation does not include supplementary insitu technologies; e.g., ISCO or EISB. 

r,..., 
Total Round 
Trip Mites Air Travel 

Mis6> Travel 

iiiiiiiiiiSiii 
Mileage 

FUile 
Unit Cost Per 

i i l i i i i i i i i i i 
Estimated 
No. Trips Subtotal 

piestttiatiOiii-;i[<S 

lyiayiwopic^ 190 $ $ $ 0.405 $ 76.95 30 $ 2,309 

$an;;:iî rahcisdOi;.Callfof nla: i;;.;.;;:; NA $ 350.00 $ 50.00 $ $ 400.00 $ 

FY 2003 OomeStic Per Oiem Rates 
Max Lodging 

Rate 
MAffiflate Unit Cost 

iililiiiiiiiiiijliii 
: Estimated 
Wo. of Days 

i!er;i>ieifl;;itM i i | i | i i | i i i lllplliililigg 

$ 100.00 $ 51.00 $ 151.00 120 ;B::V:̂ :̂BBS;S;BW^̂ ^̂  ¥::?K::̂ :;̂ ::?::::::̂ ^^^ $ 18,120 

^art;̂ «itt3so*ŝ  $ 126.00 $ 51.00 $ 177.00 i:iiiiiiiii|*iiiiiii iississjijiM^^^ 

;i;i;:;;;i;;;;;i;;;:ii;:;:;i;i::ii;:;i;i-:;;ii;:̂  $ 20,429 

Other ODCs Unit Cost 
Estimated 

Units 

Shipping 

Fe<i< x̂;;($inlleii;î ^̂  $ 18.60 iillllliliiii $ 
Feciex;(Cpoieri size;- e;g. sarhpleS):.::;;: $ 195.00 •i*;î iii;iii-i:i.;fi:;:i;*:;î î  
;p|.|;;;:;|;:;;;;;;;;|;is|:;;; mmmmmm 
Copying 

'imMimmmmmmmmmmmmm. $ 0.13 1000 ;i:w:;;;::;|::|ŝ ^̂  iiiiiiiiiiiiiiiii ii|iiiii;i;iii;iiiiiiiî ieiii: 

p^^tmmmmmmmmmmmmmmm!i $ 7.00 :i:i?:i:î :i:î i:iî ;̂ ::;i;̂ ^̂ ^̂  iiiiiiiiiiiiiiii ;ii$i||;;;;:;;i;i;;i;;;;;;;;i 

Color 8 1/2 x l l $ 0.25 i i i i i i i i i i i i $ 

;;;:;:;;;;;;;;;:;;;:;:;;;;;:;:;;;:;;;;;;;•: ;;;;;;;:;;K̂  wmmmmm 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 3 - Constmction and O&M 
Task 3f - MPE, SVE and Groundv^afer System Shakedown (including Source Testing) 

Technical Assumptions for Task 3f: 
1. Volatile Organic for air matrix list includes 1,4-Dioxane. 

2. Estimated cost for sampling train/equipment for dioxin and furan analysis by method EPA 23 is $13,500. 

3. Estimated cost for sampling/train equipment for dioxin and furan analysis by method TO-9 is $5,050. 
4. Only a very limited "beiseline sampling" from new wells is included (30 total water analyses for shakedown period - includes 

influent and effluent testing). Other baseline lab data could be provided by CLP af no direct cost to project. 
5- Esfmate for Source Testing (must be independent 3rd party) based on discussions with EPA. Assumes dioxin testing is 

required. 
6. Assumes limited ambient air sampling program (see quantities below). 

Atml¥f»l3t«»up 
AnalyUeal 
Method 

Ngti*«r»f 
B:;:i^i^($:;:;:;: .Ontt Prica £s^flta<M( total 

Volati lsOrganIc* ;;;;•: ;;;;;;:;;;;;;;;;;:;;:;:;;iiii;;(iB4S^ TO-15 120 : ;$;S; ;^5:QPP;; ;;:i$;:;;;;;;;;;;;;;;;;;;;;;;;;;;!;;;;;;;;.;:;̂ ^ 
Ticrti>i:|lVdTOi*b(i^ :•;•:•;:•;;;:;::;•; ;-aî (̂ aitsO:;;::;:::;;:;;:;:;:;;; T 0 3 M 120 •i';';':-'8S'6d6; ;;;it;;;;;;;:i;;;i;;;;;:? ;;;i;;;;;;:;;;v:;;;;itî off:pO:; 

(!:iii<e<l:i3«sS;;5S;;S:S;;H;S alf (exhaust) ASTM 0.1846 20 $ 88.000 :;;s;;;;;;;;;;:;;;;;;;;;;;;;;;;;:;;;;;;-;;;.;;;;;;;;:.:;i3ft 

p|<iid)iiiSi(d;fi!UiS air (exhaiet) EPA 23 20 i;j; 1,210000 iiiiiiiiiiiiiiiiiiiiiii:; 24,200.00 

j»artiiiiiiliitiB;(^ ; 0 -air iti^auisit):;';; ASTM 0-1946 20 3$;;;;i;;;;;:;;a5tt«6;; :;$;;;;;;;;;;;;i;;;;;;i;;;;;;;;;;;;;;S:;;;;;;?;*i?ro(J:(!d;; 

VstrtiiSflHiisi^^^ ;:;;;;;;:;;;';;;::;;;;;;ilr:(an̂  ;:f:TOi-::t$S.iM;::;:.; v:.;3o^ •:.:;:••; • ;;*; ';m:mm ;: i4,4op;oo 

mmm-Mi!iiisu^ EPA 23 9 •si 1.000.000 iimmyM 9,000.00 

V(5liitii|(<>;t)ipgai;i» SVi/8260B 30 ;*; 100 000 $ 3,000 00 

Glwnlci i -C^ ;̂;:;;;:;;i:;:::;:i;;:::;:::;:i:;"iiŷ  EPA4t0 4 10 wmms!6ooi % sooJoo 

t6t;:Dii i^ ;:;;;•;;:;:;;;:;;•;;:;:; ;.;::;:iiji/a!af;;;;;;:;;;:;:;';̂ ^ EPA160.1 10 ;$: :;:;-;:;;;i:5:ooo:; i;4i|;i;i;i;;;ilii;;;|ii;i|;;;ii;;;:̂  
•, • water EPAI 60 2 10 ;$;;;;;;;:;;;;;;;iifeooS;; ;:;i;;i;;;::!;;;;;;;i:i:i;i:i;i:i:i;;;i:i|i;;;;;i;;;i: 

cm^^mei<»f^^::^t:•::•m\::mmmm 10 

•;«• 
;;^l4(Xp66:; iiiiiiiiiiiiiiiii 1,400.00 

Sernypjai i je i ;bfgart« ;••;;:•';:;•;:••;••:;:;:;:;:;:;:;: Yrtiii^ SW8260C 10 i ZSO.DCIQ $ 2,500.00 

NbnHalpgisnat'edyplirt^^^^ .';.''; SW8015M 10 •;::-;;:6(i;b66-: % soo.oo 

siilikfeiiiiiss-^isS-iiis •:\':i:-':-\-::;:ifi'*iiii^^ EPA376.2 10 $ 25000 t 250.00 

6yeuiliii(e-;;;;;;--;;;;:;;;;;;;:;:;;;;;;;;;:;;;;;;;>̂  ;;;;;;;;;;:¥:;;;;;;;;;;;;;;;;;;waite;;;;;;;;;;;;#;;;;::;;;;;::;; EPA335.2 10 :$;;::;:;: ;:;;4(i:boo.-•;$;;;;;;;;;;;Si;;;:;;:;;::;;;;;;;;;;;;;:;;:-;;;;;;;̂ ;4DaDd; 

ll|i9s4lclde|s;;Bnd Po iychtc^ :;:;:;:•:;;".•";•••;:•:;:;:;;" *ater." ;;;SWMBiii8pM;:; 10 Ŝ; llisiiiocip:: ?i;i;;;:ii;iii:|i;iii;!;i|i:i;iilî iiiiiiiiM 
:Tii[i:;ReiebveiSU EPA418 1 10 ;$:̂  60,000 S 500.00 

tWosiililaf ei:;;;;;;.- -:M$yiti^^:-: : :CSLACS6OA; - 10 :;*;;;;;;;;;;;;;SfcOdij;; S S20.00 

AriywijSi;;;;;̂ ;;̂ ;;;;;;i;;;;;i;;;;;S nwater.' - ' EPA360 2 10 

•;$;; 
: 35 000 iiiiiiiiiiiiiiiii 350.00 

Miercaptana-; •; • CSLAC258 10 s ; ; 70000 :;$;;;ivi:;5ii;i;i;i;i;i;i;i;;;i;i;i;:;i;;J;:i;;;*̂  

F t̂fbricio:;:;;:-: mMmmfii^'iii^:-:- EPA340 2 10 ;:*;; 25000 ;i:iS|;;;;;;:i;;:;:;;;;;:i;;|;i;;:|i;|;|̂  

surtactartts; •;;;;; :;s;.;:;;;:;;:-:;:;:;.;:;:;;v(at» ;::•.:•:::.:•;;:•:::•;.•.: EPA425 1 10 :̂; :;;;:;;;:;S0iOQO;: fsmm^'i^mmmmfSocim 
Task 3F, Total Analytical: $ 109,570.00 

Total Round 
SSjlBgMBiiiiis 

Ai rTnVa l 
Mi«o,T»ftv«t 

nax l ) .. 

Mileage 
Rate 

UlnitOeoU'ef 
Trip ' 

Eatlwmted 
. N O , T H P » . 

ii)est|inatipri;i(6rig^ 

Maywood, C e l l t o r h i a ; 190 $ $ 0 406 S 78.95 32 $ ; ; 2.462 

SarifM»nblic6;;CiiU NA $ 3So:o6 $ 50.00 •im-'.'-'.'-'.'-.'.m.''-'. t 400.00; 

•;*;;•:.;•;;:•;;;;;;;:;;;;;;;;;;;;;; pr 2005 pom«$ti« Pi»F Piatn Rates 
Max (.^xlgin^ 

Rats M^tERate 
llSfiSliaatll 
m^MM^m No dlOayS 

Per;pieirn;Ftoti»:i^ 

May*06d^;C ;M îi;̂ :;:iipiMQ* $ : 51,00 % 151.00 no S 18,610 

San'frajhiM $ 126 00 S 51.00 S 177.00 l;;iiiii;i;i|:i; S 

;;:;;:•;;;;:;;;.;;:•;;;;:;;;;;::;;:;:.;;;;;.::;;;;;;;::;;;;: 
i 19.072 

UtJICoat 
estimatai ; 
; UnRs iiiiiiiiiiiiiiiii 

Shipping 

(!Siiiaii(;;(6ihi^ t 18.80 * 
Redai< ;(COotair si ie;v:e;g;:saiT^ :;«;;;;i:;f;;;.iii95i;w: 

;;;;;;;;;;;;::;;;;::.;::;;;;;;:;;;;::;;;;;;;;;;;;;:;;;;••;;; ;:;;:S«fatotai i 

Copying 

8 1.'2 X H S 0.13 1000 iimm-fi^i 
ftsize;;:;; •.;.:;;•:;;;;;;:;:;.;:;;':;:;;;:;;;;:;;;;:;;;;;;;;;;;:;•;.;.:;;.;.;:;;;;;;.:.;:;;;:: S 7.00 msmmu 
ci0M/zmimmmmmmBmmmm { 0.25 :;:::;:;:;B:::;^:::;::B:;:;:;B:::;:::; ;;s;;;;;; ;;;;;;•;:;;;•• :*:¥;:;: 

•.•..;;;.;. ;subtotal.Copylrig ;;j:;;;;;;;;;;;;;:;;;;;;;iijo;; 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 3 - Construction and O&M 
Task 3g - ERH Construction 

Technical Assumptions for Task 3g: 

1. Per RFP, a $2M Subcontractor cost is assumed. 

ERH contractor will include all costs associated with the ERH program with the exception of SVE well installation and 

operation. 

All ERH construction, operation, maintenance, sampling, utility/energy and mobilization/demobilization costs are included in 

this task. 
Assumes installation of 8 additional VE wells in the ERH area to 90 ft bg. 
Assumes soil sampling of additional 8 wells, 12 samples per well. Lab analysis by CLP (analytical cost not included). 

Travel 
Total Round 
Trip Mites Air Travel 

Mise. Travel 
CTaxI) 

Mileage 
Rate 

UrHt Cost Per 

i i i i i i i i i i i i 
Estimated 
No Trips Subtotat 

iiiiiiMriii&nijtSi^gii 

MaywSiii^ 190 $ $ $ 0.405 $ 76.95 12 $ 923 

Siiii:;i|i^iiiii^^ NA $ 350.00 $ 50.00 $ $ 400.00 $ 

FY 2Q0S Domestic Per Diem Rates Max Lodging 
Rate 

M&SRate 
Unit Cost 

Iiiiiiiiiiiiiiii; 
Estimated : 

No o i Pays 

iî r̂:|)lieiSii;N^ ;;;;;;;:v:;:̂ ;:̂ ;:̂ Ŝ ;:;:;:;:;;;:S;:B 

Mayyirood, caiifomia : $ 100.00 $ 51,00 $ 151.00 35 $ 5,285 

San Francisco, California X $ 126.00 $ 51.00 $ 177.00 $ 
'.'::-:.mm'mm:mmmm\S--^^ $ 6,208 

Other OtX;'s Unit Cost 
Esti^mated 

Units 
iiiiiiiiiiiiiiiiiisii 

Shipping 

Fedex (Binder size) $ 18.60 j;:;S;:;s;4;:;5i5S;:::;ŝ  i i i i i i f i i i i i l i i i l ;:i:;:;|;:5:?;;;;;;M̂  $ 
FedeX:;i(Cpp $ 195.00 ;:;::|:By::>;|:::y$B::::::;:::;̂ ^̂  iiiiiiiiiiiiiiii ;;sŵ :Bi;j;;;|5B;:;i;:;;̂ ^ $ 
;;;;:;;||;;;|;;;;;i;.;i;;;;;i;|H^ $ 
Copying 

iS;;liii;iiiijiiij;;ii;̂ :::: :ii;ii $ 0.13 SOO $ 65 

pi^ize;; ;:;;;;;:;':;;:;;:;•;•;.; $ 7.00 :i:î :̂ i:i:i:i:iwi:i:î ?̂:î :î ^̂ ^̂ ^̂  :::;:;:::::::::::;:B;:̂ ^̂ ^̂ ^̂  % 
Cbiptiiiltexi;!;!.^ $ 0.2S iiiiiiiiiiiiiiiiiiiiiii i i i i i i i i i i i i $ 

:; :Sul>total Copying $ 65 
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Pemaco Superfund Site RA Proposal TN& Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 3 - Construction and O&M 
Task 3h - Monthly O&M 

Technical Assumptions for Task 3h: 

1 Estimated cost for sampling equipment for dioxin and furan analysis by method EPA 23 is $13,500. 
2 Estimated cost for sampling equipment for dioxin and furan analysis by method TO-9 is $5,050. 
3 No continous monitoring is included. 
4 Costs for ERH O&M not included - they are included in the $2M lump sum under ERH construction (Task 3g) 
5 Assumed that UV/Ox system will be primary water treatment unit for first year of operation. No carbon costs included. 
6 Note: Most of the electrical costs estimated for O&M ($30,600/mo) are associated with operation of the UV/Ox system. 
7 Gas costs for FTO were provided by vendor and are contingent on contaminant loading. 

8 Labor level of effort was weighted over a 1 year period (more intensive the first 4 months). Includes all sampling and general 
maintenance/repair. 

A n a t ^ Group «at«x 
Analytical 
Method 

Number of 
Analyses Unit Price Estimated Total 

y<>latiie;0^g :i:;;;;;;;;:.;i;";T;;;;;:;;;;air;i(ê  TO-IS 340 $ 295.000 iii$iiiii;iii;iiiiii;;iii:;:;iiiî ii;i;;iiiiiiiii 
1iiiaj;:iiilydî  i:;i;i;i;i;;;?:̂ ::.;;i;i;;;;;ar:!(«iih TO-3M 12 $ 85.000 ?iiS?iii;iil'l:;i;;l;;;i;!;:i;'|i|iiiiiî ^̂ ^̂ ^̂ ^ 

FjxfeiilSases;;;;;̂ ^ sS;s;i;?*S:i:;$;î r:-(eî  ASTM D-1946 12 $ 85.000 $ 1.020.00 

DloxIns and Furans ;: i;i;i;i;i;i;i;i;Sisi;i;;!;at:i(6iMsuŝ ^̂  EPA 23 104 $ 1210.000 ;iiiS ;̂;;:ii;:iiii:ii;i?:i';;i:;ii';ii;ii:i:'iiiî ^̂  

ipiiiititicujaĵ ^^ :;:;;i;i;i;:;;;;;;;';;:;;;:;;;;:ajri(̂  ASTM 0-1946 12 $ 85.000 $ 1,020.00 

Volatile Organics ; ;;;;i;i;;;i;;;Ji;i;;:i:;;i;;;;|iifiitiiS TO-15SIM 20 $ 600.000 ;ii$lii;ili;i!i;iiiiiiiiiiiiiiiiiiiiiiii;ili2^^ 

Vp!ati(ft;6rg mm''\mmm¥($Mmm$mmm SVJB260B 208 $ 100.000 $ 20,800.00 

Chetrici9li.Oxygen ipamSttd •;:••: :;;:i;;:;S;;;;i;:;i-:;;;;;i;;;;;::s;;-;*aieî ; EPA410.4 52 i 20.000 !iiiliiii:i.l;::.:.iil;;iii iiiiii: i.:i:itî ^ 
Totipissert^ :|î ;-:;:;iii:;:!i;i;i;:;i;;!viSt̂ f;g;i;̂  EPAI 60.1 52 $ 15.000 iliiiiilillii:iliiiiiiiiiiiiii;l;:iS 
itbtisiiiSpiiricî  ;•••::; ;:i:;;;;;;!;;:i;i;;;;;;?;;;:;;;;iii*afê ;:; EPAI 60.2 52 $ 15.000 i::$;ii;i:i;i;::i:i:iiii;::-i:̂ -::̂ --l;iiii:liii;-;i.̂  

Task 3H, Total Analytical (for 12 months): $ 264,600.00 

Travel 
Total Round 

TtlpMSas ; Air Travel : 
MISC Travel 

iiiiiiiiiiiiiiii 
Mileage 

Rata 
Unit Cost Per 

l i i i i i i i i i 
Esfimated 
No. Trips :: $ubt6teyi . 

.Desiiiiiaife^ 

.iii/laywood;;ibjMite 190 i:|;iiiiiiiiii:ii:iiiili;iiii;i ii$:;!iii:i;:;i:i:ii|i|:i;;i $ 0.405 $ 76.95 10 $ 770 

;San;:FranpisTO^^ NA $ 350,00 S 50,00 •$::.:1-:iii:::ii:-ii.:il $ 400.00 $ 

FY 2005 Domestic Per DIetn Rate* 
Max Lodging 

Rate M&IE Rate Unit Cost 
Per Day 

estimated 
No. Of Days 

.PerlDiemiW ::;;:;;;: iiiiiiiiiiiiiiiiiiiiiii 

iiliaywoi^rilii^ $ 100.00 $ 51,00 $ 161.00 10 $ 1,610 

:Sijn:iFran(;isc^ $ 125.00 $ 51,00 $ 177.00 I i i i i i i i i i i $ 

i:î !:i'i::-v;:i:i:ii:i:i:i:i:i:i:i:i:i:ii;:!:::i:i:ii:;:;:i:;:i:i:i:i-i:;:i:::i:i:iiSub̂  $ 2.280 

Other ODC'S Unit Cost 
Estimated 

units 

Shipping 

;F^iBii<:i(BjiideriS^ $ 18.60 $ 

.Fetjejii;: (iCipiciierisiaa is;&sll:s«mpi<w)ii;ii-̂ ^ $ 185.00 :i;;;;;;;i;;5i;:j:;;ŵ ^̂ ^̂  $ 

:::::':?;;::;::;;;;;:•::;;;;:;;;::;;:;;:; :;;:;:;;;;;::;;:;;;:̂ ^̂  S 

Copying 

'MMMm iiiiili iiiiiiiii iiiiiii iiijiî  $ 0.13 1000 S 130 

D-Size $ 7.00 iiiiiiiiiiiiiiii S 

Color 8 1/2 x l l S 0.25 s 

;•:•.:.: Subtotal Cdpyihg S 130 
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Pemaco Superfund Site RA Proposal TN& Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 3 - Construction and O&M 
Task 3i - Validation Sampling 

Technical Assumptions for Task 31: 
1. Validation sampling program for ERH area only. 
2. Assumes 2 rounds of CPT MIP sampling in the ERH area 
3. Does not include analytical costs (other than MIP). Assumed soil vapor sampling will be covered as part of O&M program. 

Assumed that any "fixed lab" analyses for in situ soil, groundwater or vapor sampling will be by CLP lab. 

Travel 
Tptal Round 
Trip Mites Air Travel 

M|sc.Travs1 
fTaxI) 

Mileage 
Rate 

UnltCOstPer 
Trip 

Esticnated 
No Trips Subtotal 

Pii^tiiiiitttiil^ii^^ 
May\iif ijiSiajiiP 160 ;iiiiiiiiliii;iili:iliii:iiiiiii :̂ iiiliiiiiiiiilii:i':iiiil $ 0.405 $ 76.95 8 $ 616 

Sî hijlrrtrtiii NA $ 350.00 $ 50.00 $ S 400.00 5 

FY 200$ Domestic Per Diem nates Max Lodging 
;|:i||;ipsiii^|||i 

M&lERata Unit cost 
Per Day 

Estimaiad 
No, of Days 

Pet;;iiiiiiSn!i'iR 
iytaywc»id;iiCa^̂ ^ $ 100.00 $ 51.00 $ 151.00 24 :̂ î :i:i:î î?̂ :i:BSB̂ :̂̂ $i i ^ | | i ; j | | | | | | | $ 3,624 

sjiiii:Fri|iiii^^ $ 126.00 $ 51.00 $ 177.00 :?ifflsS|i^j|i|i|*;i;i iiiiiiiiiiiiiiiiiiii $ 
mmmmmmm!:Mmmmiiii^^^is^ $ 4240 

other OIx:'s UnltCiost 
Estimated 

Units 

Shipping 

iiad(̂ ki;̂ înd6feiife^ $ 18.60 $ 
FeiiBXli^piile^^ $ 195,00 ;:;B:;B:S^5;:;:;:;:;:::S:̂ :̂::;: $ 
i;iii;;i;;ii;i;ii;ii;;:ii:;i;;;i:;;;i;;;;i.!;;i;;i;i;;:ii:;;i;;; $ 
Copying 

S.î ;>;î ii-iiiiii;i"i:iiiii.|iiiiiiii:iii $ 0.13 1000 iiiiiiiiiiiiiiiiiiiiiiiiiiiiil iiiiiiiiiiiiiiiii $ 130 

Pii$iSe;i;;::;;:;:;;:;:;;;;;:;: $ 7.00 :j::̂ ::A:̂ ? :̂:::::::::s$jA|:::|>?;:;:: iiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiii $ 
ic:pife)t:iSiiii/:̂ iii?t*i;iiiî iî  t 0.25 iiiiiiiiiiiiiiiiiiiiiii ;iiiiiijiiiiiiiiiiii|iiB :iiS^lK|i;:|ii|i;S:|: i i i i i i i i i i i $ 
:;;;;::;;::;;;; ;;;;;;::;;.;:;:;;;:;:;;;;;::.;:;::;;;::;:::̂  $ 130 
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Pemaco Superfund Site RA Proposal TN& Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 3 - Construction and O&M 
Task 3j - Project Demobilization 

Technical Assumptions for Task 3j: 

3. 
4. 

General construction demobilization included. 

Main tasks include complete utility demob, of ERH area (main components of system included in ERH subcontractor bid; 
however, utility abandonment will still be required). This will require removal of 6 electrical poles and high voltage electrical 
lines, connections, and meters. 
No well abandonment or analytical testing included. 

Includes removal of FTO and conversion of MPE vapor treatment system to carbon. Includes transport of FTO to EPA 
designated CA storage location. 
No park restoration included. No restoration of hardscape or landscape. 

Total Round 
Trip Miles .Air Travel 

Misc. Travel 
(Taxi) 

Mileage 
Rate 

Unit Cos t P e r 
Trip 

Estimated 
No Trips Subtotal 

Dastiriati6ri;:(cSis^ 

190 $ $ $ 0,405 $ 76.95 5 $ 385 

NA S 350.00 :$.:i:;::ii:i:i:iiiiS<i;i)bii $ $ 400.00 $ 

FY 200S Domestio Per Olem Rates Max Lodging 
Rate 

M&iSRate Unit Cost 

iiiiiiiiiiiiio^ii 
Estimated 

No. of Pays î î î î Ŝ i'î î î î î Ŝ Siv:-:':-̂ ^ 

::*:$;'î :̂̂ 4;4B:-;::.;::-;'i-;?'̂ ^̂ ^̂  

P«if:tile!rtP ;;;;i;;s;;;;p;;:ji;S^̂ ^̂ ^ 

$ 100,00 $ 51.00 $ 151.00 15 $ 2265 

•sarti-FjSrioisd̂  $ 126.00 $ 51.00 $ 177.00 •:̂ -:*:-:*:-;-:-:o:-:-:':-:̂ ^ iiiiiiiiiiiiiiiii $ 
;::;;;:;;;;;;;::;:;;;;:;::;:;:;;;;;;:;; $ 2.650 

Other ODCs Unit Cost 
Estimated 

Units 

Shipping 

iiedeiXSfPinyief̂ ^ t 18.60 $ 
Fedi«;:{0(i»jw $ 195.00 ;:j:;>j:j:|;j;j;j:j;;:;:;̂ j:;:;;;:x:|:iij;|: $ 

i;i:iii;i|i:i:i:iii|i:i:i:i:i:iiii:i:i:i:i;i;i:i:i|i:i:i;iii;i;i $ 
Copying 

î iii/î î)iî ii|.ii:;i::;ii.i:ii|iiiiiiiiiiiliiiiî  $ 0.13 1000 $ 130 

Pĵ ize;;;:;;;;::;;:;::;;;::;:;;̂ ^ $ 7.00 ::;:;:;̂ ŷ;:;:;:B;:;i;:;i;B.̂ ;:;:;: i i i i i i i i i i i i i i i i i iiiiiiiiiiiiiiiii $ 
SeiifccitiiMiiliiî  $ 0.25 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 111111111111 $ 
::.;Vi;i:i::;:;i;i:.:i;i:i;i;i;i;i;:;i;?:i;i;i;;::;i;i;i;.:; $ 130 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 4 - Engineering Support During Construction 
Task 4a - Engineering Support During Construction 

Technical Assumptions for Task 4a: 

1. Task 4a includes all engineering support hours for the following construction tasks: Task 3b (Well Piping and Installation -
Phase I), Task 3c (Well Piping and Installation - Phase 2), Task 3d (Treatment Building and Compound Construction), and 
Task 3e (Treatment System Construction). 

2. Assume all engineering support hours are necessary for the elimination of down time and to facilitate field implementation of 
the design intent. 

Travel 
Total Round 
Trip Miles A«r Travel 

Miso Tfavel 
(Taxi) 

Milaage 
Rate 

umt cost Per 
trip 

Estimated 
No Trips Subtotal 

piSiitin*ition:-(i^^ 

Maiywepicî  160 ii|ii:ii:;;i;;;iii;i|i;;i:i;i :ii$iiii!i:iiiiiiiiiiiii $ 0.405 $ 76.95 40 $ 3,078 

;Siaiii:;Fr«!ite^ NA $ 350.00 S 50.00 s $ 400.00 % 

FY 200$ Ootnastic Psf DIemflatas 
Max Lodaln^ 

Rate M&«RaJe 
Unit Cosl 
Per Day 

Estimated 
No. of Days 

PerPtam ;Rates;b^ i i i i i i i i i i i i 
Maywood, Caiifomia ̂  $ 100.00 $ 51.00 $ 161.00 100 ::S::;:;S:S;S;:;:;Si5:;:;;Ŝ ^ iiiiiiiiiiiiiiiiiiiiiii $ 15,100 

Sairii;;fiirant^ $ 126.00 $ 51.00 $ 177.00 iiiiiiiiiiiiiiiii? $ 
:•;:;.; ;i;;:::;;i;:;;i:?:.;i;:;;i:':i:-:':̂  $ 16,178 

Other ODCs Unit cost Estimated 
iiiiiiiiilijiifniiiliil 

Shipping 

Fad|b)(;;;(Biiidi!̂ ^ S 18.60 15 i i i i i i i i i i i i i i i i i iiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiii $ 279 

FSfiiexiliPpdie $ 195.00 :::::Ŝ :̂;̂ ^̂ ::B:BSB:B̂ ^̂ ^̂ ^ $ 
:ii|;;lli;iii;iii|i;;i;;iii:iii|i;iii|i;i $ 279 

Copying 

aiiii/2;iit;;iî ;i:iiii.i:;;ii;i;:.ii:i:;l;̂  $ 0.13 1000 :i'||:i:i5S|;|:i|||^ iiiiippiii S 130 

|iiiiiziiiii:iiiiiiii:iiiiiiiiii:ii;iii $ 7.00 100 :j?:^;v:|:j:j:j:ĵ SH|:^:|:|:|:|:^:| ;:::;:Si:B:B?Sw;S:B;:Ŝ ^̂  $ 700 

Color8 1/2x11 

:;:;:;:::̂ ;:::;:;̂ ::::;:;:.:;:;:::;:;:;;;̂ :;:;:;:;:;:;;;:;:;::•;:;:::::;:;:;:::;sSubt6tâ ::Ĉ p̂yW 

$ 0.25 100 
• , - | , I I T - ^ - | , I I I I I I 

ii|ipsi:$i:giiil5iHS;iiiii S 25 

$ 855 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 5 -Integration and Operation of Remedial Systems 
Task 5a - Integration and Operation of Remedial Systems 

Technical Assumptions for Task 5a: 

1. Task 5a includes all engineering support hours for integration and optimization of the treatment systems. The are no hours 
for this task placed under Task 4a (Engineering Support During Construction). 

2. Assumes the three major treatment networks; namely vapor extraction, conveyance, and treatment system, the groundwater 
extraction, conveyance, and treatment system, and the ERH heating system are integrated and balanced through system 
intertocks, fail-safe control, and process logic controls to operate efficiently, effectively, and safely. 

Travel 
Tct^Round 
Trip Miles Air Travel 

Misc. Travel 
(Taxi) 

Mileage 
Rate 

iiiiiliiijiSitiiPSiiii 
iiiiiiiiiiiiiiii 

Estimated 
N0. Trips ^btotat 

Pesiihatioh:; 

iijiavwpbiî ;!6ŵ ^ 190 i;$:--ii-::i:i-;-iii;iiiiiiipii:ii .ii!li:ii|iiiiiiiiiiiiiiî iii-iiiii $ 0.405 $ 76.95 $ 
$an;:FniinTO NA $ 350.00 $ 50.00 $ $ 400.00 $ 

FY 200$ Oomestic Per Diem Rates 
Max Lodging 

Rate 
M&fERate Unit Cost 

iiiisliiiiiii 
Estimated : 

No. of Days i i i i i i i i i i i i i i 

Per:£|iem::Ri^^ iiiiiiiiiiiiiiiii 
ji/iayWiooiil;̂  $ 100.00 $ 51.00 $ ISI.OO :BB:4:::::wx^;?:-:-:?;w^ $ 
SanjiFrahcrts $ 126.00 $ 51.00 $ 177.00 iiiiiiiiiiiiiiiiiiiiiii $ 
i&i:i:i:;:i:;:i:i:i:ii:i:i:i:;:i:i:i:i:i:i:i:i:i:i:i::¥*'ii:;fi:;:;:i:Si $ 

Other ODCs Unit Cost 
Estimated 

units 
:isi:i:i;:ii|i|||i;i|i|i :î :i:i:i:i:i¥î :iii$i?i:i:ii:i:i:ii 

Shipping 

FgidoiilltBiij^^ $ 18.60 30 iiiiiiiiiiiiiiiiiiiiiii $ 558 

f|leclex;:(Cooler:si2ie:iT:̂ ^ $ 195.00 :is:i:i:i:issis:isi?i¥̂  $ 
•:i;i;i;;:||||:i;i;;i:i;i;i:H;::;:|;i;i:t̂  $ 558 

Copying 

81/2x11 $ 0.13 2500 ;i^B|:|;|Sg||;g^ ;i;;||;isi:i:i;^^§sis i l l i i i i l i i •;-:-:̂ ^̂ ::̂ :-:;i:::î :::::i::::::̂  $ 325 

D-Size : S;:.:;:: S 7.00 100 iiiiiiiiiiiiiiiiiiiiiii i i i i i i i i i i i i i i i i :):|:;S:y:jS:;:|:i:jS:j:j:;:|:::i:;::̂ ^ $ 700 

'ommM&mmmmmmmm:^^ $ 0.25 100 l lB j i l l l l l ?^ iiiiiiiiiiiisiiil i i i i i i i i i i i i i i i i $ 25 

:;;::;;:;;;;;;;;;;;;;;;;:;.;i;::-:;:i:;;:i:;;;:s $ 1,050 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Technical Assumptions and ODC Breakdown 

Phase 6 - O&M Plan 
Task 6a - O&M Plan 

Technical Assumptions for Task 6a: 
1, Assume O&M Plan will provide manufacturer recommended maintenance schedules for all major pieces of equipment, 
2, Estimate does not include andy O&M plans for ERH, 
3, O&M plan will not contain decomissioning procedures. 
4, O&M Plan will address all requirements outlined in the RFP and applicable USEPA and USACE guidance documents. 

Travel 
Total Round 
Tr^ Miles i l l r Travel 

Misc Travel 
(Taxi) 

Mileage 
Rate 

Unit Cost Per 

i i i i i i i i i i i i 
Estimated 
No. Trips ^btotat 

Pesiiriatiiph:(<ijri^ 

Maywppd,Califpmla : 190 ii$iii:iiii-.:i!i|i;̂ :;ili;i $ $ 0.405 $ 76.95 $ 

San;;^an<^ NA i:$li:i 350.00 $ 50.00 $ $ 400.00 

$••••;.• • •• FY 2005 Domestic Per Olenl Bates 
Max Lodging 

Rate M ItERale Unit Cost 

iiiiiiiiiiiiiiii 
Estimated 

No, Of Days 

Per. tjiem Rates l>Y Oesittnattort;: •:;: :;:i:;:;::iB:̂ :::::::̂ ^̂ ^̂  

Maywood, California .: $ 100.00 iiiiiiii; 51.00 $ 151.00 i i i i i i i i i i i i i i $ 

SanifraniSsO^ $ 126.00 $ . 51;00 $ 177.00 iiiiiiiiiiiiiiiiiiiiiii J 

;i|iii:i:;':;::!-::i::i:;:i;;;̂ :;;?;:ii:iii:i?î S $ 

Ottier ODCs Unit Cost Iiiii ̂tiiiiiieeii 
Units 

iiiiiiiiiiiiiiiiiiii 

Shipping 

Feyex::(Biiide $ 18.60 ;iiii:;li5iiiiii;iii;l:lii $ 279 

Pediiixiii^icwIeKsizer;^ $ 195.00 ::::.:̂ ::!#::::|5w::::B:::::̂ ^̂ ^̂  $ 

::;;;•:;,;;;;:.;:;;;:;;;;;;:;;;;:;:;;;;;•;;;•;•;•;;;;;;;•;;;:;;;•;:;;;: 
$ 279 

Copying 

diilW'î ii:iiiii;:iiiiiiii:|iii:|i:iî ^ $ 0.13 2500 iiiiiiiiiiiiiiiiiiiiiii ||ii;^iB|||;;;||i|^^ $ 325 

Pî Siize;i;ii:iiii;ii;ii|i;;5ŝ  $ 7.00 100 I i i i i i i i i i i i i i $ 700 

eciior;.a;i1i«?;x.:1;1;i;.:::;; S 0.25 200 iiiiiiiiiiiiiiiiiiii $ 50 

:;:i;:;:;|;;;:::;:;::;;:;;;;:;:::;:;;;;;;;:;::: :;::;̂  iiiiiiiiiiiiiitWTii 
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Pemaco Superfund Site RA Proposal TN & Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 7 - ERH Technical Memorandum 
Task 7a - ERH Technical Memoradum 

Technical Assumptions for Task 7a: 

^ • Assumes an ERH Technical Memo will be provided by the ERH contractor. TN&A will augment with sudsidiary data and 
provide an evaluation (discussion section) and project conclusions. 

Travel 
Total Round 
Tnp Miles iiiiiii UirTravet 

Miso. Travel 
(Taxi) 

Ullieage 
Rate 

Unit Cost Per 
Trip 

^ticnated 
No. Tripe Subtotal 

Dfeiiiiiiiiatiori ̂ (bir^tii^ 

Miij^ppdii; 190 ii;̂ -:iiiii;;i:;ili:i:i||ii::i;::̂  $ 0.405 $ 76.95 $ 
i*h;:iirariOfS^ NA iî i'iii-̂ i-isisdi'bi $ 50.00 î $i:i:iii:ii.iiii;i.::i.i.i $ 400.00 $ 

FY 2005 Domestic Per Diem Rales Max Lodging 
Rale iii A&KRate Unit Cost 

:|||ii^!i|iijiii||i 
Estimated 

No. of Days iiiiiiipiiiiiiii 

Pfer:Pierri;Rates;t>y;:Desitiriiatibn^^^ ;B;̂ ::;;:;3:;sS;g;H^ 

Maywood, California $ 100.00 .i:i 51.00 $ 151.00 |S | | ; | | | i | i | | j § $ 
iiani;ilrtaiiii^ $ 126.00 .iiii :!iilii:i:î f̂ ib-;i $ 177.00 :::M:i:i3:i|^|i:i|i|;| $ 

;;;;;;;;;;;;;;;;;;;:;:;;;;;:;.:;:;;•;:;;;;; :;;-:̂  
$ 

Other OOCs Unit Cost ; | | stfmated 
Units 

IIIIIIIIIIII;;;;*: 

Shipping 

Fedexi {Sli)der;;si $ 18.60 10 :i:issi:isisis^ iiiiiiiiiiiiiiiiiiiiiii :SS?:̂ 5ffiBi:i:is?Sŝ ^ $ 186 

Fedex;:(Cppiei-;s^ $ 195.00 iiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiii 
;;:;;•;;;.;:;;;;; ::;;;|;i-i;i:;̂ ;:;:;:i:;;:;:i;i;î ^̂ ^̂  $ 186 

Copying 

a îl/i2'ix-i?il'i:iii.iiiiii:iiî ;iiiiiiiii|iiiiiiiiliiiiiiiiiiiii % 0.13 1200 ;iK;|Bi5:|||;i|i|||| $ 156 

plSize;;:;:;;;:::::::;;:;:;::̂ ^ $ 7.00 i i i i i i i i i i i i i i ;ŵ iA::y;w;:ŝ ;w::iB:B $ 
Cblor::8:i1/2'*;i;i:tii;ii:i:;:|i;iii;iii $ 02S 200 ;:;3;S;4:455S:;:B:B̂^̂  i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i $ 50 

:;;;;;;:;;;;::;;;;;:;;;;;;;;;;;:;;;;:;;:;•;:;;;.;:.:.::;;;;;: 
l$:liliiiiiiiiiiiii:ii;iiiî |i|ii 
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Pemaco Superfund Site RA Proposal TN& Associates, Inc. 

Technical Assumptions and ODC Breakdown 
Phase 8 - MPE, SVE and Groundwater System Technical Memorandum 
Task 8a - MPE, SVE and Groundwater System Technical Memorandum 

Technical Assumptions for Task 8a: 
1. TN&A will prepare the MPE, SVE and Groundwater System Technical Memorandum per the requirements stated in the RFP, 

and to meet US EPA and USACE requirements. 

Travel 
Total Round 

Tnp Miles AlrT(«V«i 
M|so. travel 

(Taxi) Ra te* 
Unit Cost Per 

i i i i i i i i i i i 
Estimated 
No Trips Subtotal 

PiSSrtiiiiiStlibWi 
Mayw«rf;^edl 190 i$ii:iiiiiiii;i|i|i:i;i:i;:i:;:i;:i i:i$iii:̂ i.i-iî i-1l;ii:Hiiii-:iiii $ 0.405 $ 76.95 $ 
S^niiFWhS NA $ 350.00 S 50.00 $ $ 400.00 $ 

PY 2005 Domestic Per Diem Rites Max Lodging 
Rate M&IE Rate iliiiiiiiiliiii 

iiiiiiiiiiiiiiii 
Estimated 

No. of Days iiiiiiiiiiiiii 
piiir:itH^:-Ri^ 
MaywbiSaiiiG $ 100.00 $ 51.00 $ 151.00 •î -î -i-î '̂î -i'i-i'i-î -̂:':̂  s 
SiSftiiiFrtiriS!̂  $ 126.00 $ 51.00 $ 177.00 iiiiiiiiiiiiiiii $ 

:.::.;.;:;.:::.:i:;;;;i;SiibltotaliTiî ^ $ 

Other OOCs Unit Cost Estim^ed 
Units 

:ii?i:i:i:i:i:i:i:i:i:i:i:i:i|̂ î :i:ŝ :̂ 

Shipping 

if̂ îpi|iiiid|t*î iiziB^̂ ^̂ ^̂ ^ S 18.60 15 $ 279 

Feiiexi;(Cwiw^ $ 195.00 B;:::::::;4|: $ 
;;; iiiii; iii: iiii;;:!:; iiiiii 5 279 

Copying 

8iiiyi5;ii?;iiliiiiii;iii|ii $ 0.13 2500 i i i i l i i •4;B^ :̂:B:;:;:;:;:;:;:;:;:;:;B%y::: $ 325 

Di;Slireiiili;̂ ::ii;5?:iii;i:̂ ^ $ 7.00 50 
;;:;:;:;:x:;:;:;>:;:;:::;xj>:|:|>:|:j:::;::: S 350 

Color 8 1/2 x l l $ 0.25 200 i i i i i l l l l l l l l l i $ 50 

;::::;:i::.:|:i:;::i:::|::;;:.;:;:-::̂ :::;:;-.;:;̂ ^ $ 725 
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